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PREFACE 


Tijp subjecTof the^ow ten^>erature oarbonisation of *Jt>al is one whigh is attract- 
ing con|iderable attention at the present time ; although it cannot be claimed that the 
difficult problems, involving both scientific and economic don^iderations, la^/yet 4 
been completely solved, there can be no doubt that considerable progress has been • 

made in the £ire<fiSon of their solution. 

• , 
t *The genesis of the book has been explained by Sir George Beilby in the Fore- 

wqrcj* Its preparation proved* to be (5f considerable tliffioulty as the subject is 

capidly developing and many of the problems inwffved Stffl require much further 

exploration. I It was felt, however, that the subjycfr tould best be dealt w&h by 

giving tfce most reliable data on the different aspe/ts of the work together with such 

conclusions* as can s^elylbe drawn from them. Unfortunately it is not always 

possible to draw definite conclusions and the Authors are only too well aware that, 

of necessity, some of the sections have been left with an incomplete survey of the 

aspects $o which they relate. An attempt has been made to dissect the* variables 

and to make each chapter ^self-contained so far as is possible. Such a method of 

treatment, ^however, inevitablj* involves a certain amount of repetition in a subject* 

where such variables are so ck>sely r inrerrelated as in the present one. 

The Authors have made use of material contained in official publications 
^and have to thank the Controller of II.M. Stationery Office for permission^to 
reproduce certain diagrams from these reports. Free use has been made of 
data contained in the proceedings of technical socielies as well as of articles in the 
technical Press ; where possible t&ese have been acknowledged in the text. 

Tho Authors wwk.to express their 'grateful appreciation of the advice and help 
Svhich they have reoeived from Sir ^ Beilby and for the interest which he has 
taken in the work ; it is indeed to him they owl any special knowledge of the sub- 
ject that may have justified them in undertaking the task. 

•* p £ 

They ais* wish to express their j^pnks tq Dr. R. V. Wheeler and Dr. 0. R. 
Young ; to the former for much helpful criticism of the porfcfbnS bearing on the 
constitution of coal and other aspects of^the subject which he has madg peculiarly 
his own, and to Jhe latter for ‘help and ac^ice i^tliS preparation of the sections 
bearing on the* chemistry of theyubject. 

They are greatly indebted to Professor H. 0. H. Carj^ntyf, F.R.S., who* has 
given advice on the properties of cast«inm and othgr «neta|p W?ien exposed high 
temperatures. 
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They are afao inde c bte<^ to Dr. iWgaret Fishenken, Mr. Jr. G. King and. other 
colleagues for. much valuable assistance and to many Arms arfd individuals wlio have 
supplied ^drawings and details oTf {heir processes. r <■ f 

In conclusion the* Authors must pay a tribute to the generou? manner in which 
Miss G.<I, M. Blair has devoted her scanty leisure to preparif^ th^ manus<jript 
for publication and for seeing the work through the press. 

G. H. L< 

R. F. McR. 



FOREWORD 


lT*was suggested tj me ea/ly in 192 !• that a book on the subject of low tempera- 
ture c^bonisation would be welcomed by many w]io # are interested in schemes for the 
more efficient utilisation o! our coal resources. It is now*wiiety recognised* tha*> this 
subject i% of national importance, for if it becomes commercially feasible to carbonise * 
in this way tiny #!bnsiderable proportion of the tens of millions of tons of the coal 
annually consumed in the raw state in Great Britain, ldw ^temperature carbonisation 
would play a vital part in the solutior of the sfnoke problem and in that of the 
•home production of motor spirit 'and fuel oils. The sflttjeif, however, is far from 
simple, for $ts physical, chemical, mechanical and] ec^pomic# aspects are so closely 
ifiterwoven that only after an intimate study of ^11 tln&e aspects ought any serious 
estimate o i its development as a national industry to be attempted. f In the absence 
of ^install-round knowledge much, that has been publicly spoken and written on 
this subject has been not merely futile but actually harmful to genuine progress. 

In the Government Department of Fuel Research a carefully thought out scheme 
•of inquiry has been steadily pursued for the past six or seven years. These inquiries 
embraced not merely the °first-hand experimental work carried out at H.M. Fuel 
Research Station, but the si nan artwork of outside inventors and experimenters # all 
h>ver the world. # * 

The intimate association of Dr. Lander and Mr. McKay with the course and the 
• results of these inquiries, and their complete dissociation from any interests, direct 
or indirect, in the commercial development of any particular schemes, placed them 
• in an almost unique position as the Authors of a whrk on this subject. 

With the full concurrence of tffe Department of Scientific and Industrial Research 
I therefore asked DiV Lander ain^Mr. McKay to undertake this work. This they 
ultimately agreed to do, though not ' Auihout considerable hesitation, in view no 
doubt of the heavy additional strain on tl^pir time and energy which would be 
involved. 

Having how before me the work a wheje I feel that the pressure put on the 
Authors to undertake this exacting task has been fillip justitfed* The more* fully 
this Work is studied the more evident \n\\ it become that the Authors* have ap- 
proached and de^lt with their subjeei not qjily wity gfeat breadth of view but with 
a keen appreciation of the techj^ical and Economic paoblmis whiclTiiave b$en solved 
or are still awaiting solution. • * 

G. Beilby. 

IrfJNDON, 

March , 1?24. 
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LOW TEMPERATURE CARBONISATION 

CHAPTER I 

, INTRODUCTORY : # AN INITIAL SURVEY 

.• / 

PHASES IN THE HISTORY OF LOW •TEMPERATURE 
CARBONISATION 

, * The history of low temperature carbonisation, s^far as <§rc£t Britain is concerned, 

may* be divided into t^o periods, the fi*st dating fron^Park^r’s original proposals 
in 190t>, find the second ten years later, begiiming dining the Great War, when 
the whofb question of fuek utilisation proved to be of such importance that the 
Bubiect^of # Iow temperature carbonisation was raised from relatively limited signifi- 
cance to a great national problem? 

During the first period experimental work was pursued by Parker, Beilby, 
Maclauriji, and others. These investigators concentrated their attention chiefly 
Bpon the production of a smokeless fuel, and •during the earlier part of the period, 
regarded the crude', oil Obtained from their experiments as being of comparatively 
small importance. Ip. 1912—13 #ic Royal Commission on Fuel and Engines for th$ 
^favy, under the Chairmanship of Lord Fisher, exhaustively examined the possi- 
bilities of obtaining fuel oil from existing home industries. They reported that the 
only means of so doing lay fn the “ development of a new carbonising industijy 
founded on the distillation of bituminous coal at a temperature much below that 
used in gas retorts or coke ovens.” It was also clearly brought out in this Report 
that, as the possible oil production amounted only to s^me 5 to 8 per cent by weight 
of the coal treated, the creation of a market for the other products of carbonisation 
was necessary for the solution of the economic problem. The Report of the Com- 
mission naturally focussed the attention %f the public on the whole subject of low 
temperature carbonisation, and not only provided a new incentive to investigation, 
but made the problem of the economical disposal of the coke assume new and huge 

proportions. • 

# •! • , 

THE WORK OF THE FUEL RESEARCH BOAT<» % 

After the outbreak of the War the work of investigators regained ii^ abeyance 
for a time, until tlm urgency of the Ripply ^f fueloil *in particular, and of fuel 
conservation in£en<\al, ljrought the definit# recognition by the Government jn 1916 
that some measure of State Aicf should be afforded in the solution of the many 
problems which presented themselves in fliis connexion. If wa£ tlnfefore defied 
by the jCommittee of the Privy Council for Scientiffc and Industrial Research in 
► l^f7, on the recoftimend&tion of their Advisory Council, to establish* a Boarcf of 
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Fuei Research, whicfi should be responsible for the promotion and co-ordination of 
research into fuel. Sir George Beilby, who had been responsible for mudh of the 
experimental work and inquiries leading up to the fisher Report, was appointed 
Chairman of the Jlpaf- d and Director of* Fuel Research. The terms of reference of 
the Board were “to investigate the nature, preparation and utilisation otfuel of 
all kincis, both in the laboratory and, when necessary, on an indftttriaV scale.” After* 
careful consideration of^tlre whole fuel problem from the broadest point of view, 
the Board adopted as their immediate programme two lines of research, viz. 

f * * • * * • 

(1) A survey and classification of the coal seams in the various mining districts* 

t by means of vhemfraj and physicift tests in the laboratory. # * 

* * 

(2) An investigation of the practical problems which must be solved if # ar^y lalge 

proportion of the raw coal at present burned in its natufal state is to be 
replaced by the various forms of fuel obtainable from coal by catbffnisjtion 
and gasification processes. 

It wyll be seen, therefore, that under the second heading the problem of low 
temperature carbonisation naturally* assumed a prominent place. At the time the 
Fuel Research Board was formed the shortage of fuel oil for naval and other purposes 
•was reaching a maximum ; and it was pointed t ouf- to the Wiu Cabinet by the Board 
that, although their schemes of investigation coifld have no* possible cifect i*i 
relieving the situation during the War, it was of paramount importance that this 
question of the supply of home-produced fuel oils for* the Navy by the carbonisation 
of coal at present used in the raw state should be independently and exhaustively 
studied, “ in order that a* definite decision as to the pos Ability or impossibility of 
the proposals should once for all be arrived at.” 

The results of the work of the Board at jf.M. Fuel Research Station at East 
Greenwich up to 1922 are given in their Report for the,years 1920-21, published 
in 1922, 1 and a careful perusal of this document discloses the fact that, owing ^o 
economic changes which have cflnjc about as the result of the War, the solution 
of the problem has proved more difficult on the economic side than was anticipated. 
Much progress has, ho we vet, been made, and accurate data on ^nany fioubtful 
points have bpcqrne available V> all serufus investigators. The Board affirm that 
much knowledge bas been pbtained in, the direction of a technical solution, that 
this solution is al^iojt w^thin^ reach, and that the elements of uncertainty still 
remaining are mainly economic and serial. * 

, . * * « # f f 

** 1 Fuel Research Board. Report for the Years 1920, 1921; Second Section: “Low Teinpeia- 
ture Oarbonisatj^ji.’^yi*^. Stationery Office.) f 

?« • * 
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INTRODUCTORY :’* AN INITIAL SURVEY 

SllvTE OF THE PKOBLEM IN 1916 

• 

The # rapid development *01 low temperature carbopisa^ior^I^s undoubtedly been 
greatly hampered i>y the tendency of acme of the earlier pioiffe^rs to attempt the 
cliiqbiAg 8f a Jong jtaircase at a single bound. Hence, when in 1916 attention was 
• focuSsed on, Che jftoblem through the shortage of fuel oil caused by the activities 
qj[ German submarines, the whole subject was oj^>cured*by the many conflicting 
ojnnions and results obtained by the various groups of workers, whose most praise- 
worthy enthusiasm iit some cases greatly exceeded tfuSr discretion. The Fuel 
Research Board, however, were able to select certain (Jajja of unquestioned accuracy 
as # a basil! for the prosecution of their own experimental inquiries. 1 Tliese items 

were • , • * 

• 

Tffie experience in Scotlaiyl for the past fifty years of the shale oil industry. 
This industry is founded on low temperature carbonisation, and about three 
million tons of shale per annum are distilled at low temperatures ranging 
4rom 450° to 550° C. for the production of paraffin oils and wax. * 

(2) “ The parallel experience of this industry in the carbonisation of bituminous 

cojjI for the production of fuel gas and other products. 

(3) “ The published records of flic various steps in the development of Mr. T. 

Parker’s proposal for the production of a smokeless solid fuel for domestic 
purposes by the carbonisation of bituminous coal in iron vertical retorts, 
of small cross-section, at a temperature of about 450° to 500° C. IVfr. 
Parker’s experiences established the soundness of his original contention 
that coke produced from bituminous coal at*i temperature not exceeding 
500° C., to which he gav<? the name of ‘ Coalite,’ is an excellent and per- 
fectly smokeless fuel for domestic purposes. As he had prepared it, 
however, it was rather to<? fragile to stand the rough handling involved in 
transport to the consumer. Unfortunately, though large sums of money 
were expended on the testing and development of this method on a fairly 
extensive scale, success was not attained, and the problem of the establish- 
ment^ a new carbonisation* industry* wjis still unsolved. The promqf rs 
of Mr. Parker’s scheme appear to have then abandoned t%i use of metal 
retorts, and adopted firebrick ovens or retorts of the’ coke o* T eif or gas 
retort typy. 

(4) “ First-Aandiknoyledge of the expedients canned out in the#MaryhiU workg 

of the Ca6sel Cyanide Company, Glasgow, #n the carjjpnisation of bitu- 
minous coal at temperatures ranging from 450° Xo •300 ,J T. and og* the 
briquetting of the coke so produced. 

1 Ibid., !>. 18 . 
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(5) “ Somfe knowledge of the experimental work of Mrf R. S. Richard^ on the 

carbonisation of bituminous coal at temperatures in the neighbourhood 
of 500° C. ^ ai^ automatic machine designedly him. 

( 6 ) “ Reports' on the working of the Tozer retort for the carbonisation of 

« bituminous coal and the production of smokeless sokd fuel for domestic 

o ° « 

purposes. . * 

(7) “ First-hand informal icw as to the experimental work of Mr. Rdb<*rt 

Maclaurin in ^Rasgow or the * carbonisation of bituminous coal by 'the 
sensible heat of a lafge volume of highly heated gas passed over 

f through a Inass t#f 'broken coal m a vertical column or shaft of the blast 

furnace type.” • 

* * 1 c 

* © 

At a somewhat later date official reports were available on two ^yetems of 
carbonisation for the production of fuel oil which had been experimented with by 
the aid of Government subsidies. These were : — 

( 1 ) A retort of the Chiswick t.yjie which had been erected at the Nottingham 

Gasworks for the carbonisation of cannel coal. , * 

( 2 ) The “ Barnsley ” firebrick retorts, which h^d been subsidised by the Depart- 

ment of Explosives Supply with a vie\v to ^he production of benzene and 
toluene. These retorts were subsequently abandoned and replaced by tlfe 
setting described on page 20G. t 

FURTHER ADVANCES SINCE l 6 lt» 

From the foregoing, useful generalisations may be drawn, many of which have 
now been definitely and finally confirmed, as the result of the work of the Fuel 
Research Board. Of these, the selection of suitable coaty appears to be by far the 
most important. Parker's original iron retort possessed many excellent features, bat 
broke down through the use of 0 unsuitable coal, and an excessive heat gradient 
from the furnace or oven inwards. The importance of the rich gas as one of the 
most desirable assets of low* temperature carbonisation has only been re 6 )gnised 
comparatively lately ; and, whatever were ?lih other defects possessed by the Parker 
metal retort,^ they were at any rate , perfectly gaslight, a feature which long 
experienctfdn the Scottish t shal<j oil industry has shown to be unshared by any type 
of firebrick retorts worked ui^ier temperaVire conditions corresponding to those 
necessary for the produet 109 . of sjno&ePss fuel and oil. , / 

L The preparation the ceal for carbonisation lhas also been shown by the Fuel 
Rey^arcli Boadd t<Vbe f of immense importance in the production of a robust coke. 
The material, which f ven in ^ jingle coal consists of bands of varying fusibility, 
must be broken down and intimately mixed, so that the projfcrties of the more 
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fusible portions shall be utilised to bind together the leks fusible particles ; and, 
if the cgal is deficient in either of these two constituents, the correct proportion 
must be ensured in some way, usually by blending in $uityble proportions with 
another coal possessing the properties in a high degree which -afe deficient in the 
first* ' 9 

Tne question ot drying the coal is also of some importance. The operation of 
drying is much simpler than that of carbonisation ; ^nd it is obviously imcconomical 
bojk in capital and heat to use an # expensive retort for an operation which can be 
performed much mo;e cheaply in an apparatus especially Seined for the purpose. 

Ahot-her important season for the failure of some yf #he earlier processes 1^ in 
thg tendency of the inventor to attempt too much in* the effort to produce an 
appara^uS of universal application to shales, cannels and coals. Such* investigators 
would been well advised to select one material for experiment, and to con- 
tinue work upon that material unfil success had been attained. On the contrary, 
however, retorts were erected which, long before they had proved themselves in 
any direction, were provided from day to day with coals of widely differing character- 
ises. Under such conditions no retort, howeVbr excellent, had a reasonable chance 
of being perfected, and tlie feults obtained, although imposing, possess little value 
to the discerning mind. c 0 • 

% As a result of the experimental work of the Board, it is to be hoped that the 
time has gone by when the costly mistakes which have been made in the past will 
be repeated. Although it cannot be claimed that complete success has bee© 
achieved, data of unquestionable accuracy are at least now available for all serious 
investigators working on the difficult problem of low r temperature carbonisation. 


'eft J i/'/S 

f |%lBRARV. \ 
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THE AIMS OF DOW TEMPERATURE CARBONISATION 

r f XHE IMPORTANCE OF COAL 

The importance of coal as one of the chief sources of our national wealth tfannot 
be disputed ; nor, in the face of our dwindling supplies and the fycre&dng difficulty 
of winning these supplies, can it be said that too much attention is bbing paid to 
the problem of the scienCific utilisation of our coal reserves. In the past, fuel 
been used by man in f ev { er -increasing quantities* ; but in most parts of the worid 
the supply has been so plentififl compared with the requirements that therq haif^ 
been* little inducemeiit untVl recently to study the most economical methods of its 
use. The conception, at one time of popular acceptance, that coal is a fuel f whioh 
will mainly be consumed in the raw state, is at length being replaced b} the correct 
and scientific view that coal is a commodity which should be made to jaeld other 
fuels of higher “ availability,” and from which valuable by-products as well as fuel 
should be obtained. Although scientifically the burning of “ raw ” coal in boilers 
and furnaces for the production of heat and power must be deprecated* it must 
also be recognised that no adequate substitute is yet forthcoming. Water power 
on a large scale is unobtainable in this country ; aqd, while it is to be expected that 
4n increasing and extended use will be made c of oil fuels, this country is entirely 
dependent upon imported supplies. The present demand for oil fuel is already 
beginning to encroach seriously upon the estimated oil reserves of the world, and 
unless or until vast fresh oil fields are located, or new sources of supply found, thero 
is no possibility of the supplanting of coal by oil as the mhin source of our power 
supply. As for gaseous fuel, fhe total substitution of gas for the raw coal at present 
consumed in producing heat and power introduces problems which for various 
reasons are not easy of solution. In any case, the extension in the use of both oil 
and gaseous fuels leaves untouched the pressing problem of the supply of a satis- 
factory fuel which ' can be burnt ^n the already existing domestic grates without 
involving much, if any, cost on account of their structural alteration. 


THE CARBONISATION OF COAL 

It is* wei! known that the carbonisation of coal, i.e. the heat treatment without 
access of air, yields solid, liquid and gaseous products — solid ^fuel in the form of 
coke, liquid fuej such as motor spirit, fuel oil, lubricants, etc., ^astnus fuel suitable 
lighting, powej and heating purposes, together* with other products which may 
be ijsed in th& preparation* of fertilisers, 1 explosives, disinfectants, or which form 
the basis of the artificial dye ilid«stry. This treatment of coal is not only desirable 
in flrder to Sicrease the “ availability h of the potential thermal* units in the c&j 1 

< . 22 r 
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—a terip which will be further explained, in the next chapter— but &lso to recover 
valuably by-products such as # sulphate of ammonia, etc., which are not fuels. 

The carbonisation of cflal is much mgre complex th#n the distillation of a 
simple liquid mixfrire. In the latter ca*e distillation may be ffafried out in stages, 
and, the resulting tractions can in general be readily separated. In other # words, 
• the distillation process is purely a physical phenomenon. In the case of coal, how- 
ever, chemical reactions may proceed simultaneously with physical modifications 
a^ the temperature of the material is increased, and different products may be 
revolved, the separation of which is a tedious andicostly firdceeding. Further, the 
final form of existence of the product yielded by # t; 1 #e carbonisation of cijal is 
influenced by considerations other than the temperature employed. Not only is 
the raw material itself a variable factor, but the conditions under which the process 
is carried *mt also affect considerably the final products of distillation. 

There are no definite lines of demarcation between the various methods whereby 
coal can be carbofiiscd, and the temperatures employed merge gradually in different 
types oilplants from high, mediurp to low. Again, it may be found that $ process 
t)f carbonisation, first at low temperatures <?nd afterwards at high temperatures, 
may in certain cases give ‘results of economic value. The process of liquefying 
certain coafe by hydrogenation* uncler pressure, into which considerable research ie 
“being made at the present time, also points out a method of treating coal which 
may possibly in the future prove a rival to those processes at present practised. 

No attempt will be made liere to adjudicate upon the controversies between t^e 
advocates of the different methods of carbonising coal, each of whom would naturally 
like to see the process in which he is interested become of universal application. 
There is, however, ample room yi industry for a variety of processes, since the 
distillation of coal yields a large number of products, and it must be recognised 
that the maximum quantity and^he highest quality of each cannot be obtained 
simultaneously. Thus the main desideratum of high temperature distillation in gas 
retorts or by chamber carbonisation is a maxipiTim yield of gas of the “ declared ” 
calorific value, and the recovery of coke, tar, etc., must be termed of secondary 
impoi^ance, although the financial results from the tale of these by-products play* 
an important part in making the process successful commercially. # hi the by-product 
ovens of the Koppers or Semet-Solvay type, gas am^tar*are i\ effect by-products , 
and a maximum yield of hard metallurgical cola- is qf pjin^iry impfTrtance. In 
producer gas plants a supply of gas. for p^ver purposes— not necessarily of high 
calorific valuers ilesir^d. Th^ main desMerata of low temperature carbiyiisation 
are, howeyer:— 

0 ) The production of smokeless fu#l suitable for d*mSestic and ot^ier purpose* 

(2) # The maxijnum production of oil of low specific gravity* 

A (3) # The maximum production of gas of high calorific value. 
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The amount of incondensable gas wh icl> is obtained in low temperature parbon- 
isation is comparatively small, bi^t as the gas possesses special properties a # nd has 
a high calorific value, € ijp s%le will have an important bearing on the financial success 
of the process. # • # «’ * 

The ^volatile cont ent of the coke varies from 8 per cent to 1/) pen cent against 
a volatile content of 0*1 per cent to 4 per cent for high temperature coke. Low * 
temperature coke can be 'easily jgnited, and can be used in open fire-places as*#t 
present constructed. % 

SMbKE POLLUTION 

Tfie wasteful practice of* burning raw coal in furnaces and domestic heLrtlis no e t 
only represents a direct national loss through the non recovery ojf valuable by- 
products from the coal, but is the chief cause of the smoke nuisance of lg-rgQj cities 
and manufacturing centres. The pall of smoke* which hangs over all industrial 

TABLE I * 


Death Rate and Causes of Death in London, invNovember, 1922 


c 

Death Rate. 

L * Cause of -Death in London. 

i , ______ ' _ ... __ 

Week Ending 

London. 

England 
and Wales. 

Bronchitis & 
Pneumonia. 

Heart 

Diseases. 

Other 

Diseases. 

N(5V. 11, 1922 . 

12-5 

j 12*6 

1 208 

198 

677 

„ 18 ■ • 

J3-3 

| 12-9 

1 257 

* 219 

679 

„ 25 

H-3 j 

12-6 

320 

265 

689 

Dec. 2 

130 

12G 

o 208 

181 

680 
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towns on a calm day is a sufficient indication of the attendant evils. At these 
great centres, where large numbers* of people must necessarily reside, public health 
and plant life’ not only suffer from the ensuing pollution of the atmosphere, but also 
from the reduction of the hourc of available sunshine. Thus the figures in Thble I 
are significant when it is remembered that, 'early in November, 1922, London was 
visited by a sey^re f 9 g. It will be seen from the table that, whereas the death-rate 
over the com/cry remained approximately, constant throughout the month, that in 
London was considerably iAere^oed, due chiefly to deaths from bronchitis and 
pneumonia. Other factor* myst of course, be taken into epnsi(fera#bn ; but that 
smote pollution is ^ contributory cause to general ill-health appears to 'be clearly 
indicated not <1fcly ^rorti this table, but* from other statistics bearing on this 
•particular subject. • • # # • 

Ifogs not ftnly affect advemely the health of the people, but°cause vexatious 
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delays* jn traffic and loss of time and temper, while involving great •expenditure on 
artificial illumination. Furthermore, public buildings and monuments are dis- 
coloured and damaged by tlie soot and acid of the sippk^ 0 Even in the average 
household the additional expense of th* smoke nuisance is appreciable. An investi- 
gation was made in 1918 to ascertain the comparative cost of household # washing 
in Manchester and Harrogate. It was found that the extra cost in Manchester for 
fuel and washing material, attributable to the srqoky* atmosphere, was equivalent 
about 7-}d. per week per household. #It is computed that the total yearly loss 
for Manchester and Salford is nearly h&lf a mifiio* sterlnfg.^ The baneful effects of 
smcfke in cities are fully described in the Final Repqptof the Committee on ^rnoke 
apd Noxious Vapours. 2 • 

Sffio^e is emitted to Hhe atmosphere in the main from two* offenders — the 
industrial, and the domestic chimney. Their relative culpability differs in various 
localities, and the remedy in eSch case is not the same. The employment of 
mechanical stoking and careful hand stoking has, in the case of industrial plants, 
done mqch to render possible that constancy of fuel supply to boiler furnaces which 
•prevents the formation of smoke ; while the higher temperature of a well-regulated 
furnace over that of a domestic fire tends to make any resulting smoke less obnoxious 
and injurious. It is # generally^agi^ed that, at least in many cities, the domestic 
chimney is the chief offender as regards the smoke nuisance. 

Little can be done locally to reduce the smoke nuisance from the domestic 
chimney. Sir Napier Shaw,* the Chairman of the Advisory Committee on Atmo- 
spheric Pollution, has suggested that a reduction in rateable value should be made 
for a smokeless house. Moreover, in a large number of the houses now being built 
in various parts of the country provision is made for%nly one coal fire per house— 
that is, one in the main living-room. It should be further noted that in the recently 
published report of theJPublic Control Committee of the London County Council 
the Committee express the opinion that? the time has arrived when the use of the 
old-fashioned kitchener might well cease ; «notp?dy because it is inefficient, but also 
because it must be held responsible for a very large proportion of smoke arising 
from fiomesti^ chimneys. 4 • 1 

Suggestions of this description are, •however, fiot always immediately practical, 
and in any case are only palliatives. The smoke nuisance proble^n mWb be examined 
from the broad national standpoint, and its solution wjll be Ifcastenelrtf it*is found 
possible to obtairj an adequate supply smokeless* f uel suitable for domestic 
purposes. UnV*ouh\edly the burning of stnoky .coal ior ^domestic purpose^ cannot 

1 Thoq^on, W. Manchester Guardian, 22nd February, 1022. 

2 Ministry of Health. Committee on Smoko and Noxious VH pours Afriteiffeht : Final ftenort. 

(H.M. Stationery Office.) , * r 

- * Shaw, Sir Na^er, F.R.jj. Times, 23rd August* 1921. • , 

1 London County Council : Report of Public Control Committee, 3rd July, 1923. 
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well be prohibited by legislation until a recognised valuable and economic substitute 
for raw coal is upon the market in sufficient quantities. 

* 

SMOKELESS FUEL 

The use of gas for cooking purposes is diverting a certain proportion of coal 
from the domestic fire-plaqe, ‘but neither gas nor electricity seems likely to become 
universal for heating purposes in fiOuseliol^s. Although the efficiency of a domestic* 
fire-place as a heating «gt*nfcy for^rofims is lew, it must be recognised that factors 
other than thermal efficiency render it improbable that open fire-places will* be 
superseded at an early data. *The average Englishman likes to see a chetrifll fire 
in his living-rooms, and this cherished desire is proof against such scientific* details 
as lack of efficiency, etc. Although national sentiment in favour of open'fire-places 
is not likely to be changed in the near future, many of the drawbacks of the present 
system would be reduced by the substitution of a good smokeless fuel for the soft 
bituminous coals now used. There is therefore ample scope for the development 
of suitable processes for the carbonisation of coal at low temperatures, and it is # 
reasonable to expect that commercial success will eventually be attained. 

9 The requirements of a good smokeless fuel in tills country may be thus briefly 
"summarised : — * 0 

(1) It must have been previously treated for the recovery of valuable by- 
» products from the raw fuel and so rendered smokeless. 

(2) It must contain sufficient volatile matter — say 7 per* cent to 10 per cent — 
or be of such a structuje as to be easily kindled and kept alight in open fire- 
places as at present constructed, i.e. it should require very little draught 
for combustion. 

(3) It must have a relatively low ash^eontrtit ; partly to prevent an undu<*, 

reduction in its calorific valine, and partly to reduce the dust resultant upon 
combustion when burned in household fires, and to reduce clinkering troubles 
when burned in boiler furnaces. , 

(^) It must not be so friable as break easily during handling Aid transport. 

(5) It mus c<gnpa rl, but not of such a structure that the ash formed during 
combustion covers the surface of .the fuel in such a manner as to hinder 
combustion or to ma^k radiation. f * 

(f>) Ifs price • must be 'sufficiently lo* so that when thp otaer VHvantages are 
* taken into %ccojint it will attract purchasers away from bituminous coals, 
jlf the c<TBb btfsdhl ii* the form of briyuettes, the advantages of uniformity 
and coherence slfbnld bf t t<^ken iyto account when considering the economic 
value of the briquettes. # f 
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OIL FUELS. 

According to Lloyd's • Register , the S.S. Bakuin was. fittyjJ for burning oil fuel 
in 1£92, and wat in all probability tke first oil-burning stedhfer engaged in con- 
tinuous sea service Since that time engineers have watched with interest the great 
developments wfiich have taken place in the substitution of oil for coal in ocean- 
going vessels. During the past fifteen years the graduahrcplacement of coal by oil 
Jias been going on in the Navy, and at th€ present time almost complete substitution 
has been effected. • 

# In the Mercantile .Marine developments have be^n toss rapid, owing to tl^e fact 
£hat *n Chis service overall economy in working must necessarily be a consideration 
of gftatcr urgency than fa the Navy, where the efficiency of a ship as a fighting 
ujiit is o£ the first importance. It is, however, worthy of note that in the “ Report 
of Lloyd's Register oj Shipping *! or the Year 1922-3 35 it is stated that “ vessels 
to the number of 123, representing 782,830 gross tons, or 48*4 per cent of the total 
tonnage of new vessels classed during the year under review, were fitted fpr burning 
► oil fuel. 33 At the same time it should be •mentioned that the Society’s Report 
points out that it does ifbt necessarily follow that all such vessels are at present 
using oil. Again, siijce July, 1^14^thc tonnage of vessels fitted for burning oil fuel^ 
on Lloyd's Register had increased almost twelvefold by July, 1923, and vessels 
fitted with oil engines had increased from 297 (234,287 gross tons) to 1,831 (1,068,414 
gross tons) in the same time. 

Even before the great European War the question of the home supplies of oil 
fuel for the Navy and Mercantile Marine had been given anxious consideration by 
those in authority. The subject^ was first exhaustively examined by Lord Fisher’s 
Commission during 1912-13, while emergency inquiries were conducted during the 
War with the same object. Noqe of these later inquiries added materially to the 
^nformadon which had been collected ai*d verified by the Fisher Commission, whose 
main arguments are as true to-day as they weffe in 1912 ; while, as we have just 
shown, the urgency of the problem has been greatly intensified. 

The impqjtance of this matter was demonstrated most forcibly during the War, 
for it is generally known that the reserves ot* oil in this country f were on occasion 
dangerously low. The only practicable, steps to rejievf this^horWe from home 
sources that could then be taken were to develop the Sjotiish share industry to 
the utmost, and ffo divert for Admiralty \\a as fcmclT as possible of the heavy oil 
produced bvj$ie ixisf^ng carbonising plants. • The •augmented supply of fuel oil 
from theps sources was, however, very^small relative to t]ie ^war demands of* the 
Fighting Services. Although the requirements of tlio^av^ htive^iow been induced 
to pr^War standard, or even below it, tfye inc$^ m tHc ifke of oil in merchant* 
vessels makes tfle question one of rapidly increasing importance from the national 
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point of view. It is true that the period of scarcity and high prices has pass&d for 
the present, but the fact still remains that this country is dependent upon overseas 
supplies for all fuel oi^ Required. The amount of fuel oil # that can be obtained by 
/he carbonisation of tfoal at the high temperatures employed in o/dinary gaswprks 
# or coke qvens is comparatively small, even apart from the fact th^t there is* already 
a regular outlet for the products ordinarily obtained by these processes. Thfcre 
remains, however, the poesibility^of employing some process of carbonisation at c 
low temperatures, and the position thereby created .is summarised in the Report 
of the Fuel Research Bfcard for tlje years 1918-19, 1 as follows : — 

, %, ® 1 

r< If bituminous coal is to beer me an important soured of home supplies of 

fuel oil for tlje Navy and Mercantile Marine, tens of millions of tons per # aiyiunr 
of coal, which is at present burned in the raw state, would need t6 bcKmbjected 
to a preliminary process of carbonisation, ani thereby split up into'gasAousS, 
liquid and solid fuels, which collectively would be used to replace this raw coal 
for the purposes for which it is at present consumed.” 

< i 

It must be recognised that the value of the oils obtained by low temperature • 
carbonisation will be dependent for many years to come?' on the competitive price 
of rfthe petroleum obtained from the oilfields of t^c vVnld. Thi$ value will rise and 
fall for reasons outside the control of those in charge of low temperature processes, 
and may possibly fluctuate independently of the markets for the other commodities. 
Until the industry has become stabilised, therefore, ojrtimistic monetary values of 

low temperature oil should be accepted with caution. 

« 

LOW TEMPERATURE GAS 

In the early attempts to work low temperature processes the gas obtained was 
used to supply the heat required for the reports. '’It must tie said in passing that,* 
owing in some cases to loss of gas through the use of unsuitable retort materials, 
the heat so obtained was insufficient for the purpose, and extra sources of heat had 
tfo be supplied. The passing of«the Gas Regulation Act of 1920, whereby gas com- 
panies are empowered to charge f^r ^as by^adorific value instead of by volume, 
has, however, n&cec^ a mv.v value upon the gas obtainable by low temperature 
i carbonisationf^This £jas, being very high m calorific value if uncontaminated by 
the heating medium, would* be ^ exceedingly < useful as an enriching agent for 
increasing the calprific value o£ low r .grade* gas, and is therefore /of V^rect interes f 
to the gas companies. It is almost certain that ifnproved economic ^ults will 
be obfained by^ke Ve 4 of producer gas bf low calorific value as thcNjheating 
Agent for the low temperature retorts and the sale of the rich gas obtained hv the 

• . «• • • . C * 

1 Fuel Research Board. Report for the lears 1918, 1919. (H.M. Stationery Office.) i 
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process. This, as was first pointed out by Sir Glorge Beilby , 1 may form a 
connecting link between the gas-making industry and the establishment of, the 
new process, and the gas may become one of the most valujfyle and least speculative 
of tjie assets of low temperature carbonisation. 

■ RIVALRY BETWEEN CARBONISING SYSTEMS 

It is perhaps not difficult to appreciate the want of enthusiasm which has in 
'the past been showji by gas engineers tow&rd^ theAjt’ogpss of low temperature 
carbonisation. Not only are the processes of high aiq] low temperature carbonisa- 
tion ve»y distinct, btffi in the former case we have an industry which is, after years 
of eap«rience and development, well established, in which many millions of pounds 
have beef! invested, in which trustworthy data relating to processes arc published 
ii numerous technical papers, and in which the values of the products of carbonisa- 
tion are well known and where these products are widely utilised in industry and 
in the home. In the latter case we have an industry, or a possible industry, which 
has no? yet been placed upon a stable financial basis, in which there has not until 
lately been available any* independently established data, in which much research 
work has yet to be undcrtalfin, and in which markets must be created for the 
products of carbonisation. • 

The rivalry between the advocates of each system of coal carbonisation is com- 
mercial rather than scientific. Each system may supply a want which the other 
cannot satisfy, and one cannot therefore under present conditions displace Tffie 
other. Uniformity ot treatment of all our coal supplies by any one process could 
only be possible if all coal were alike and there weae no demand for the products 
of other processes. The question of the relative efficiency of different processes, 
though interesting from a scientific standpoint, is therefore not of primary 
•importance. * * * 

* 

DIFFICULTIES IN THE ESTABLISHMENT OF LOW 
TEMPERATURE CARBONISATION 

It is unnecessary to enlarge upon ^ he great ^possibilities of Jh^ products «f low 
temperature carbonisation. These ha ve # already beijp pfit for^ard*<m recent years, 
with perhaps more than justice, in the statements ivfucl^haye ^ecn mactb by sanguine 
inventors, and in the prospectuses of companies \jhich* have been floated to develop 
one or other patented ^roc ess It has bfen truly said that the advantages of low 
temperate carbonisation are too obvious. Many erf the excellent results obtained 
from mperials in the laboratory are^unquestioned. bifc befortV thfiTJame resqjte can 

jgt 1 Yuel Research Board. ^Report for the Years #020, 1I2P p Second Section : “ Low Temperature 
^Carbonisation.” (H.M. Stationery Office.) 
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low Temperature ^carbonisation 

be produced by a plant oil a commercial scale many technical problems Jiave to 
be solved and much large-scale experimental work undertaken. The necessity for 
technical investigatmn^and control cannot be overestimated, and it will be found 
in this, as in so marry other manufacturing* enterprises, that favourable result are 
largely influenced by the many small economies and modifications of working 
determined by careful supervision. The probability of the commercial success of 
any low temperature process and its capability of general application cannot, indeed f 
be determined until after full-scale plant** have been in operation for considerable 
periods. ” < 

T^e process of coal carbonisation itself 1 is most complicated, and the problem 
is rendered still more complex by the wide differences which exist between°dilferent 
coals and eveit sometimes between samples of coal taken from t|ie sanfe beam. 
Proximate and complete analyses, though useful, are not complete indications. of 
the behaviour of coal in all types of retort, and microscopical research work has 
not yet been fully co-ordinated with the results of actual experience. In order to 
assess any low temperature process commercially, not only have the kind of material 
treated and the products of distillation to be considered, but also the methods of* 
operating the plant and the mechanical details of the retort*. Although much work 
lias been done to establish the broad underlying physical an/1 chemical principles 
governing low temperature carbonisation, a more detailed amplification of these 
principles to suit local conditions lias still to be determined. 
r Broadly speaking, the establishment of low temperature carbonisation as a 

commercial possibility is dependent upon four important factors, viz.: — 

* 

(1) There must be ample ^supplies of the raw material. 

(2) The plant must be such as will have a reasonable life, and it must be under 
the control of an experienced and scientific staff. 

(3) The products of distillation must cbe in a marketable form, either for thh 
direct use of consumers, or«as the raw material in other industries. 

(4) The commercial value of the products after retorting must admit of a reason- 
able margin of profit after meeting the working costs and pianufact'uring 

« expenses^ including the depreciation *ind renewal of die plant. 


THE J&T!'iBtISHiIENT OF MARKETS FOR LOW 

temiTratCre Products 

r * « • 1 4 f 

♦While the four c factors giv* n above will be discussed in greater detfcdl, there is 
one aspect of ttn tfard #, whi«h might conveniently he enlarged upon at x^-is stage, 
viz. that there docscio# at prcVerct exist a demand for the special productJ^of low 
temperature ‘carbonisation. A market there assuredly ft for cbke, oil and ga\ 
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obtained by low temperature carbonisation ; but it is a%aA:et in which the special 
properties of these products receive little, if jny, commercial recognition. For 
example, there has been suflicient low temperature coke distributed and sold within 
recent years for ^s admirable properties as a domestic fuel to*be widely recognised. 
There i^ howevej, as yet no great demand amongst householders for thj^s fuel in 
preference to ratv coal ; and, if it were produced on a large scale, the degree to 
which its superiority over raw coal would be reflected? iivtlic price which consumers 
’would be witting to pay is unknown. 0 

% Low temperature *>il and low temperature gasjire in\!ie tame category, although 
no# to the same degree. It will be f<*ind later that ijie economic stabilisation of 
low temperature carbonisation is largely dependent •upon the establishment of 
market* for the gas, cokctand oil, in which there is a commercial recognition of the 
special properties of the products obtained by the process. Until a full-scale plant 
has been*running for some considerable time and lias been disposing of its products 
in a free market, any enhanced estimates of the value of those products must be 
accepted with caution. 
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"THE FUEL PROBLEM 

ASPECTS CfF THE FUEL PROBLEM 

I C 

t The fuel problem may be stated in many diverse ways. It nsfay be that, in the 
first place, it is desired to draw attention to the world’s diminishing siippiies of .the 
known fuels, to the increasing difficulties in obtaining those supplied and to r the c 
corresponding necessity for utilising them economically and efficiently ; it may bp 
that, in the second place, it is desired to ftrge the necessity of research for additional 
or alternative supplied of fuel ; $>r it may be that, in the third place, it is desired r 
to stpdy the methods wheec^y household's and manufacturers may obtain heat 
and power from fuel in tlte most convenient form for their immediate ifee&s. 

Many papers have already been written on the first 'statement of the problem, 
and it is only necessary here to recapitulate some of the main facts. The $ecopd 
statement of the problem falls outside the scope 'of this volume, but it is desirable 
to discuss fully aspects of the third statement of the problem with particular 
reference, to the process of low temperature carbonisation. 

COAL 

In regard to the first statement of the problem, it* is recognised that coal is the 
most important source of the world’s fuel supply. The amount of the world’s coal 
reserves is, however, a very hypothetical figure. At the World’s Geological Congress 
held in 1913, these reserves were estimated to be about 74 million million tons. 
Of the total, the reserves df the United States were estimated to be about 52 per 
cent, of Canada about 17 per cent, of China about 13-1 per cent, of Germany about 
5f per cent, and of Great Britain only about 21 per cent. It is not necessary here 
to discuss the validity of these figures, or the jnobable length of time required to 
exhaust these stores, though it should ‘foe noticed in passing that the various 
estimates made by experts agree *that this period of time must be measured in 
hundreds of years only. A more important matter from the point of view of this 
country is the comparison of 4he coal supplies of Great Britain with those A her 
nearest trade rivals. One of the Reasons f of the great increase in the prosperity of 
Great Britain,/ Turing the past century was the plentiful supply of good and cheap 
coal. lliis tabled pianuf^cturej^ to keep down the costs of production and gave 
them opportunities of corafjetiq^ successfully in the world’s markets. It is now 
agreed,, however, that, at<th$ present rates of consumption, tlie i^erves of Great 
Britain will be exhausted long before those of America and Germany^ Although 
this by no ffie&ns^n*urgeftit matter as ^et ? it can be seen that, as our gesources 
1 dwindle, the cost of twinning tj\e«ooal from greater depths and from thinnu^ seams 
must increase*, so that it may be only within a few generations that our coal export^ 

32 
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will diminish to a negligible quantity, and our industries will be penalised by paying 
more foj* their coal supplies than do the industries of their foreign rivals. It is the 
price of coal, and not the quantity of the reserves, which governs the commercial 
utility of our natfonal coal resources. 'Though the reserves in Great Britain are 
not -likely to # *bc ^fhausted for many years, the present generation must Be con- 
sidered the guardians of the geological heritage it has Received. 

♦ # The world’s production of coal at present is fcf the order of twelve hundred 
million metric tons. ‘Table II gives the, amounts j^oduc rtf. in various countries for 
die years 1919, 1920 &nd 1921, and also the information received by the United 
States Geological Survey up to March, 1$23, on the w<frkj’s coal production in 1922. 
The production of certain countries for 1922 is not given, but the total of the 
missing data ordinarily amounts to 4 per cent only of the aggregate. The estimated 
totlj for 1922 given in Table II isjiot likely, therefore, to be very different from the 
actual production. The unit used is the metric ton of 2,205 lb., the approximate 
equivalent of the long or gross ton. 


TABLE II 


Estimate 

of the World’ 

s Prcjduction 

of Coal in t 

he Calendar 

Years 1919, 


• 

• 

.1920, 1921 

and 1922 



Country. 


1019. 

1020. 

1921. 

1922. 

Australia 


It); 736, 32 1 

13,176,426 

13,073,845 

* 

• 

Belgium 


18,482.880 

22,388,770 

21,807,160 

21,234,170 

British India 

22,991,217 

17,356,889 

• 19,511,154 

19,000,000 

Canada 


12,411,328 

15,088,175, 

13,555,462 

12,890,408 

China 


18,293*252 

19,484,896 

* 

* 

Czechoslovakia • 

26,946,813' 

31,086,479 

32,699,111 

29,000,000 

France 

• % 

22,341,000 

25.300,000 

28,976,495 

32,000,000 

Germany- 

Coal . 

f 11 6,707,200 

*140,757,133 

f 145,G10,000 

fl 30,965,000 


Lignite 

93,615,500 

1 1 1 ,031,000 

123,011,000 

.137,207,000 

Japan 

32,703,338 

30,819,898 

26,000,000 

25,000,000 

Union*)!’ 

8. Africa 

9,313,232 

10,108,497* 

10,331,886 

10,000,000 

United Kingdom 

233,467,4TB • 

233.21 0,071 

166,922,0^0 

255,892,000 

United S t 

ates 

502,534,410 

597,108,000 

469,402,000. 

„ 417,000,000 

Other Countries . 

46,553,865 

19,008,527* 

* * 

• • • 

* '* 



1,1 68, 000, OOT) 

lV'il',000,(t)0 

• • 

1.^3,600,000 

1,200,000,000 

• 


niiitc included 

, 

in. total. 

• 

• r Includes i 

^ar u^fli Uppej' ivlesia. 


Of major coal-prgdueing nations, Great firffeain ancl France are therefore 
f£e only ones to sliow an increase for 1922 over 1921. The proportion contributed 
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by the United States was about 35 per cent of the total, and the reduction jp output 
during the years 1920-2 is very marked. The proportion contributed by the 
United Kingdom is hut over 20 per cent of the total, a great increase over that 
of the preceding ye&r ; but the drop in the?- production for 1921 must be attributed 
to somj extent to the coal strike of that year. s < 

The proportion contributed by Germany, including the output of fignite, is" just c 
over 22 per cent of the total. According to the Report of the Reich Coal Council, 
the German production of coal ( for, 1922, exclusive, of the »Saar district, amounted 
to 129,964,000 tons, wnicli is ab(kit \\ per cent less than that for the previous year,, 
and (about 31-6 per cent l^ss.than that for°tlie year 1913. On the other hancf, the 
production of lignite for 1&22 was 137,207,000 tons, being 11-4 per cent ftiore than 
that for 1921, and about 57-5 per cent more than thht for 1913, Tjhe&i ‘figures 
confirm those given by the United States Geological Survey. . m , 

LIGNITE, SHALE AND PEAT 

Other potential sources of the world’s fuel supplies are the brown coals, lignites, 
shale and peat. Extensive beds of brown coal occur ih Germany, Central Europe, 
Victoria and Canada, but only to a very limited extent in England. In Germany 
the use of brown coal has been greatly developed ifi recent years. Since lignite, 
where available, is at the present time the cheapest source of thermal units, 
Germany’s example is being followed by other countries. The importance which 
brown coal is likely to attain in future has been very clearly shown by Sir George 
Beilby, 1 and need not be recapitulated. 

In the British Isles the second in order of importance as regards our fuel supplies 
are the oil shale deposits and the peat bogs. * At present no commercial method has 
been developed to deal with the large percentage .of sulphur unfortunately associated 
with some of the larger shale deposits wnich so seriously diminishes the usefulness 
and value .of the oil products. * In America and other countries, however, the 
problems connected with the utilisation of the vast deposits of oil shale are in some 
respects different to those iif Great Britain. Neither in Great Britain nor Abroad 
however, have these problems yet been satisfactorily solved. 

Th$ problems connected with the winping and drying of peat have also Teceivet 
much attention, but those arising from* work on a large commercial scale are stil 
unsolved. Peat blocks lend thdnselvrs admirably to carbonisa* ion at low' tempera 
tures,«but it » impossible <for developments to occur ix^ this (faction until t.h< 
prior problems o^wyining tfnd drying liave been satisfactorily deal^with. It i 
clear, for exanfplef that bhf(^re peat can bp said to possess any econoVnic value 

• t • % 

L 1 Beilby, Sir George. Fuel T^oblJms of the Future. Inst, of Civil Engineers : James Forir- 
Lecture, 1021, 
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machinery must be employed on a large scale for its winning and preparation. The 
drawback to the development and use of machinery for peat production is that, so 
far, the cost of production is more than the commercial valjie of the product, at 

least jn localities %vhere coal is within Kasonable distance. * * 

• 

OIL 

m Of the world’s alternative sources of f^bl, oil isTat present next in importance to 
coal. Of the output »for 1920 of abofit 97 million tons of^oil, the United States 
produced 64*8 per cen£, and Mexico 2S*3 per cent. f Thc supply of natural g'A in 
this cdhrftry is practically negligible, although in tim?s of peace, at all events, 
British ititerest^ in Easterif oil fields mitigate this disadvantage to some extent. 

I Estimates of the oil left in the oil fields of the United States indicate that they 
wilflast barely twenty years at the present rate of consumption. Probably, how- 
ever, the production will be spread over a much longer period, though in later 
years it ipay be at a declining rate. There is therefore serious, though not immediate, 
concern for the future of the oil supplies from the United States oil wells. It is 
estimated that there stilf r&nain enormous reserves in Mexico and other countries ; 
though in some quarters the fmr ig expressed that Mexico’s present phenomenal 
production may hot much logger be continued. 

The potential oil supplies to be obtained by the treatment of coal at low tem- 
peratures will be discussed in this volume, though no attempt will be made tg> 
consider the broader prgblem, viz. the heat treatment of all carbonaceous materials. 
Enough is known from laboratory experiments to justify the hope that, from these 
sources alone, it may be possible to draw a plentiful supply of oil to meet the worlds 
needs for many centuries to come. Although full-scale experiments have not been 
equally successful, it is believed that the knowledge and experience gained during 
recent years will shortly make it possible to establish an industry on sound com- 
mercial lines whereby both oil and smokeless fuel supplies will be obtained in bulk, 
either from material which is at present consumed in a raw state, or, in a more 
limited numbei^of cases, from the so-called “ waste fuels.” 


ALCOHOL 

As an alternative motor fuel to oil^lcalio^may Income o! increasing importance. 
Crude oil has^ho weaver ^ an advantage o\tu alcohol, .imlsmuch as«it yields both 
lubricating oil and fuel oil. Alcohol, even if produced at a cheap enough rafe, 
cannot t^refore wholly supersede cru^e oil for industrial pflrptsefc The proems 
connec^ with the available sources of supply aipd maifufacture of alcohol, its 
Suitability for use*in intefnal combustion engines and its denaturing for industrial 
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purposes, are discussed in the Memoranda on Fuel for Motor Transport f published 
by the Fuel Research Board in July, 1920, and December, 1921. The investigations 
as to the possibilities of producing alcohol within the British Empire are still in 
progress. 0 r * 

* THE UTILISATION OF THE HEAT OF CfjAL \ 

The consideration of the ’economical use of our fuel supplies leads to a discussion 
of the third statement of the fuel problsm, i.e. the methods whereby householders 
and manufacturers m*y Vbtain 4ieat and power in the most convenient form*for 
their r own immediate needs. r Fuel is not m end in itself, but merely a means to 
an end. The householder requires heat for the preparation of his food, U nd for 
the maintenance of those equable conditions of his dwelling, upon which the -health 
and comfort of the inmates depend. To a minor extent he would often like alsp a 
small amoimt of heat energy as power, in order'to be able to instal labour-saving 
devices in the home. On the other hand, the manufacturer only requires heat to 
a minor degree for the maintenance of an equable temperature in his factories. 
To a much greater extent he desires to have heat energy to supply his motive powej; 
and to drive his machines, or to initiate or produce semt* chemical change in the 
raw materials of his manufacturing processes . % Occasionally he may wish to store 
potential energy which can be conveniently utilised at«another spot , as, for example, 
by the pumping of water or by the manufacture of calcium carbide. 
t In the great majority of cases in which heat is utilised, however, the process 
eventually involves the complete loss to mankind of all the heat supplied. For 
example, in the case of a steamer crossing the ocean, fuel is burnt and transformed 
into work through the media of the boilers and engines. This work is used to drive 
the ship against the resistance of wind and water. In the process eddy currents 
and waves are set up, and when these finally die away the whole of the heat from 
the fuel has gone to raise infinitesimally the temperature of the surrounding tf<? a 
and air. * 

Fuel is the chief, although not the only source of the energy of our modern 
industrial life. For convenience to householder and manufacturer, it may be 
desirable to transform the heat enefgy of dial into other forms of potential energy, 
as, for example, into gas and electricity for heat, power and light, etc. In 
any case, b&th acquirement of the/ fuel and the transformation of its heat 
energy into the desired fdrm ^re accompanied by losses wh^h are occasionally 
many Jaimes th&t of the heat, finally stow/l or utilised. The thjrd V^pect of the fuel 
pftiblem is therefore concerned with methods of obtaining energy in sdme particular 
format a definite spot? with the least amount of loss. \ 

# 1 Fuel Research Bo\rd? / nlcri rnora ntfu m on Fuel for Motor Transport. > 

Fuel Research Board. Second Memorandum on Fad for Mot of Transport. (H.M. Stationefr * 
Office.) . < t 



37 


THE, FUEL PFbQLEM 

AVAILABILITY OF .HEAT 

• 

Sir George Beilby has used the term “ availability of hdbt ” m connexion with 
this aspect of the'question. One fuel i§ then said to be of higter availability than 
another for jp pajflcular process when its heat can be used more conveni&itly or 
* efficiently for that purpose. In all processes of fuel prgjluction and preparation it is 
dgsired to increase the availability of the heat, and^reby increase also the value of 
the fuel for special purposes. Goal in its native Maw underground cannot be used in 
industry until it has foen won and raised to the surface. Tfte processes of winning 
and raising increase, therefore, the heat availability. coal may then be washed. 
AYashing°may make possible the more efficient use of the potential heat of the 
coal, and so may increase *the availability of the heat energy of the fuel, which is 
thHj4urthiir increased ‘(from the consumer’s point of view) by its transportation to 
the user by rail or sea. The object of submitting coal to one of the processes of 
carbonisation is to raise further the availability of the heat units. In the form 
of gas ortoil these units have a much greater degree of availability, rendering them 
tnore valuable to the fuel consumer, and enabling them to command a higher price 
than an equal number of heat y n its in that fuel in any of its original states. 

THE INCREASE IN HEAT AVAILABILITY 

• 

All processes for raising the availability of heat arc accompanied by losses. In 
coal washing, for example, a proportion of the “ fines ” is carried aw T ay with the 
ash in the slurry. In gasification, heat is lost in radiation and in the condensing 
plant. These processes also involve monetary expenditure in the form of labour 
charges and profit. Since the resulting fuel must bear all these costs, the problem 
becomes that of deciding whether the increased availability of the heat units in 
the filially produced fuel is worth the increased cost. 

It will always be found that the actual heat employed in the utilisation process 
becomes more expensive as the availability of the fuel is increased, since each of 
the, final heat units must be debited with its share of the British Thermal Units 
lost in the production of the final fuel. In other words, the over-alU*hermal efficiency 
of the process of obtaining and preparing the fuel is*lec?cased £s the availability 
of the heat is increased. It becomes necc»*sary to Judgeffii §ach case o! commercial 
heat utilisation ^MSthcr it is economically %ound%to use a large amount of heat 
from cheap fii^ which cannot* brutalised with high efficiency, or, on the other hand, 
to use a smaller amount of heat from a^higli grade tuel whicb*can be used with 
high efficiency and great convenience The prices commanded f>y a thernufViz. 
100,000 British Thermal^ Units) in various* form/ fuel clif&r according to Jhe 
" relative costs of tfie fuels at ar^y time or place, Jbut for convenience of reference are 



38 • ' LOW TEMPERATURE CARBONISATION 

given between wide limits in Table III. These figures are in themselves admeasure 
of the value of the higher availability of special fuels r It may be said, therefore, 
that the aspect of the fhel problem thus presented is that of raising the availability 
of the fuel at the least possible cost. f / 

TABLE III 

Cost of One ^Ierm Various Forms of Fuel 

Coke at 26/- to 40/- per ton, say‘8 lb. per therm . . . 

Coal ^it 30/- to 50/- per top, say 74 lb. per therm .... 

Fuel Oil at 5d. to 6d. per gallon, say 6 lb. per therm 
Gas at 9d. to lid. per therm 

Petrol at 1/4 to 2/6 per gallon, say 5 lb. per therm * 

Electricity, 20 units at l}d. to 3d. . r . 

Alcohol at 4/- to 5/- per gallon, say 8*3 lb. per therm 


Pence/ 

M to 1*7 
1*2 to> 2-0 
3/0 oto 3-8 
9*4) to 1M) 
Cl-0 to 20*6 
43*5 t.J?7-0 
49 -6 to 62 


APPLICATION TO LOW TEMPERATURE CARBONISATION 

It will be seen in a later chapter that this aspect of the fuel problem is of 
particular importance to those interested in the ' development of the process of 
low temperature carbonisation. The availability of heat in coal is undoubtedly 
increased by carbonisation at a low temperature. The immediate problem to be 
solved by advocates of low temperature carbonisation is to make the cost of 
treatment of the original fpel sufficiently low to attract consumers generally, or for 
any particular industry, by the extra convenience and heat availability of the 
resulting fuels. 

Although much might be written about the desirability and necessity of the 
utilisation of the so-called “ waste fuels ” and v pf the inferior fuels, such as shale 
or peat, it must be recognised that, in many cavscs, it is at present commercially 
unsound ta attempt to increase their heat availability. There must always be a 
certain amount of waste fuel, no matter how scarce or expensive high-class fuel 
may become. It is only as the higher grades of fuel increase in price, that increasing 
supplies of the J/wer gradevS of fuel become economically of importance. Examina- 
tion will be madc (< in later chapters of the claims made by some inventors of processes 
of low temperature cfrbtnisation to utilise the fuels which are, under present 
industrial conditions, only potential s mi/ees of heat and powel. It may safely be 
assumed that, "even if certain of these processes ajc not commercially sound at the 
present moment, etha changfng conditions due to the undoubted gradual rise in 
tluf costs of the higher grade fuels may eventually enable some of the present 
presses, or improvements ton *t he present processes, to become of coifcmercial 
importance. ; 



CHAPTER p 

NOTES ON THE CONSTITUTION' ofc COAL 

INTRODUCTORY 

Although codi is of very common eccurrenco and has been fttilised for so long 
as a source of heg#, light and power, it is undoubtedly true that the chemical and 
•physical study^of this important mineral has been much neglected. It is only 
jvjthin the last few years that the number of i^ffrclp workers who have been 
investigating different aspects .of the constitution! of coal has been in any degree 
commensurate with the importance of # the subjecf The rei&arch has also suffered 
by Saving taken the form of isolated experiments ; ^n<> only lately has thcre^been 
apy tendency for investigators to make a combined atfack upon it. The reasons 
for the ^distinctive differences between various types of coal have not yet been 
cotajjetely placed upon a rational basis, nor is it possible to enunciate general 
laws regarding coal which are sfrictly true. A more intimate knowledge of the 
constitution, as distinct from the composition, of coal would undoubtedly be of 
great vajue to the technologist, and might assist in the solution of some of the 
•problems relating to carbonisation. 


DEFINITION OF COAL 

It is very difficult to suggest a definition of coal which will be at once scientifically 
correct and of general acceptance. Stopcs and Wheeler 1 define coal as follows 

• 

“ Ordinary eoal*is a compact stratified mass of mummified plants (which 
have in part suffered arrested decay to varying jjegrees of completeness) free 
from all save a very low percentage of other matter.” 

# Strictly speaking, tins definition is applicable to bituminous and anthracitic 
coals only, and does not cover the wider rSnge of all carbonaceous material. Impure 
deposits, due to the plant substance being insufficiently free from inorganic matter, 
may grade into shales and other carbonaceous materials. On the other hand, 
to qffi)te Lew^s : 2 ~- 

" Tlle m0Rt satisfactory view to take of tffe composition tff coal wUiat'it is 
an .'agglomerate of the solid degradation produet#of vegetable decay, together 
with such of tl^ original bodies as have resisted to a greater extent the action 
to which the^material has been subjetea.” % 


. W o 0 Suentifi(; ainj Industrial Research, m onogmph on the Um&Mifam of 
Mane C„ J>. Sc Ph.l>. : Wheeler. R. V., D.S(l (H.M. Stationery (jfece.)* 

3 Le^es, Vivian. The Carbonisation of Coal . (Bonn B#wJ 
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THE ORIGIN OF COAL 

Whatever may h^\y? been the mode of accumulation of coal, and the views of 
opposing theorists' ace not yet fully reconciled, it is at least universally recognised 
that coal is of plant origin. Notwithstanding all the internal evidence ,in its favour, 
it may nevertheless appear somewhat speculative to the lay mind that the vast ‘ 
deposits of coal should have tlieii origin in vegetable matter and plant life, 
The specific gravity of coal is dE the order of 1.2„so that the volume of coal jp 
only about one-tenth one-twel|th of the volume of the original vegetable tissues. 
A seiyn of coal 10 feet thick i$ therefore the°deposit from vegetation approximately 
120 feet thick. Even when^in unlimited geological time is assumed for its fbrrfiation, 
an accumulation of this depth appears somewhat incredible, and the problem of 
accounting satisfactorily for an occurrence of this nature is profound. ^Eve^i tiie 
parallel of the deposits possible from the rich tropical growths of the present day 
does not carry with it full conviction. In point of fact, however, the theory of the 
origin of coal should not be considered in the light of present day conditions. It 
must be borne in mind that physiographical conditions were radically different in. 
the days of the luxuriant plant growths of the carbonaceous period to those of 
to-day. Excesses of atmospheric carbon-dioxide a&d water vapour, together with 
the heat from the cooling earth’s crust, stimulated the growth of vegetable tissues. 
Atmospheric oxygen was just beginning to accumulate ; and decay, which is but 
tfye slow combustion of matter, did not operate as it doeR to-day. The decay 
which did occur must have been largely at the expense of tjie oxygen in the vege- 
table tissues ; that is to say, checked decay, as it is called, must, have been operative. 
The later effects of pressure of an incalculable amount must be added to the former 
factors. Although these do not prove incontestably that the primeval forests and 
swamps have been transformed into the carboniferous measures, the internal evidence 
of the formation of. coal from vegetable ‘matter is additionally very strong. Tfie 
results ol microscopical examination, supported as they are by the impression of 
plant life found in coal, render it difficult to advance sufficiently strong arguments 
to refute this theory. Theft? still remains much, however, tliaf. is uncertain 
regajyling^the easier history of <^>at ; and* in particular there .arc two problem" 
on which there is not yet a consensus of # opinion, viz. : — 

(i) The mode of acAimulation of c^>ai and ( 

(ii) The mot^j of transforipatiop of tk/ vegetable matter into coal. 
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THE MODE OF ACCUMULATION (JF COAL 

Stopes and Wheeler 1 summarise very completely the leading modes of accumu- 
lation of coal-forming matter in four groups, viz. 

(a) In sea water. 

(b) In brackish water. 

(c) In fresh water. 

(d) On land. 4 

There are two metjiods of accounting for the Jccumufation of our coal deposits 
undfer the above heads, viz. the in sifti theory and J:ht drift theory. In th<; first 
case it* is* assumed that the vegetable remains have not* moved from their place of 
growth, *and in th« second that they have travelled from a distance by estuary 
and river action. The in situ theory is strengthened by the presence of stigmaria 
or fossil roots in the underclay Iff certain seams ; but the drift theory helps to 
account for the very thick coal seams which have been found. The impurities 
found ir^ coal may be divided into two groups, viz. those deposited during the 
a formation of the coal, consisting largely of silica and alumina, and those deposited 
subsequently, chiefly by percolation through the cleavage planes, e.g. calcium 
carbonate. For a correct study of, the coal at any seam it is obviously of some 
importance thatMiere should* be some knowledge of its mode of accumulation ; but 
local experience is required in the majority of cases to decide whether the coal was 
formed of in situ or drift material, or perhaps both. 

THE MDDE OF TRANSFORMATION OF COAL 

The theory of the origin of coal is supported by fclfe occurrence throughout the 
world of carbonaceous material graded in all stages from the plant life of to-day 
to peat, from peat to lignite, from lignite to bituminous coal, and on to anthracitic 
cAl. The theory has teen advanced that, under the combined influences of 
pressure and temperature, and over vast geological epochs, these various gradations 
mark the mode of transformation of the coal of to-day from the vegetable growths 
of prifneval thjies. While peat, for example, represents a condition of vegetable 
decay, intermediate between vegctaWef matte/ apd the tertiary £pals, it^oes, not 
necessarily follow that vegetable matter on decay must pass through the peat 
stage before its metamorphosis into coal^ t It may* be, tjjercfor^, that *38 suggested 
by the metamorjffik; theory, the vegetable |natter^first underwent a rapid change 
due to the bacterial .decomposition of its vtllulone, antf that a later, slow alteration 
due to the combined effect of pressure and temperature [principally pressure, sirfbe 
the temperature cannot have approached 5()0° C. |, has c(Jmpl(ftccfrth« transformation. 
It is obvious that, in the later stages of thepx>al -foxing pAicws at least, the effect 

1 Ibid., p. 39. 
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of temperature can only have been of subsidiary importance, since coal if readily 
decomposed at relatively low temperatures. The accumulated evidence appears to 
favour the metamorpbic theory. In any case, the estimates made of the times 
taken for the accumulation and deposition^ the original coal-forming debri^ and 

for its transformation into coal must be considered highly speculative. * 

* » 

THE DETERMINATION OF.THE CHEMICAL CONSTITUTION OF COAL, 

7 V * 

Coal being composed pf vegetable matter, it is to be expected that amongst its 
constituents will be ' f ,- 

f (a) {Jeliulosic or humic derivatives. 

(b) Resinous derivatives, and 

(c) Nitrogenous compounds. 

p 

The resinic constituents are believed to have a great influence on coke lormS^ion. 
There was formerly a disposition to classify the remaining constituents as “cellulosic,” 
but it has been pointed out that cellulose itself is unstable under the conditions of 
peat formation. The chief differences in the properties of different coals may be 
said to be due to the varying proportions with which <thusc derivatives are com- 
pounded. Three methods of research have becif, employed in determining the 
chemical constitution of coal, viz. : — f 

(i) The extraction of the constituents by means of solvents. 

, (ii) The action of reagents on the coal substance, and 
(iii) Destructive distillation. f 

The first and most direct method of research has not yielded much information 
hitherto, apart from the use of alkaline liquids which may perhaps act as reagents. 
This is due to the fact that coal is of great insolubility and offers a strong resistance 
to the ordinary solvents. The second and third*. of the above methods are indirect, 
but nevertheless have proved useful in giving information of great value. 

THE ACTION OF SOLVENTS UPON COAL 

o V 

As already stated, the usefulncsn of this method of determining the chemical 
composition of c<$al is liiqitcd by ihe inertness of the coal substance. There is also 
a suspicion that oome of the solvents employed modify very considerably the 
molecular structure ‘of %he compounds iij the coal and act, jndeed, as reagents 
rather than solvents. Thy solvents employed include : — 

‘ (i) Alcohol, ether, chloroform, acetone, aniline and petroleum. 

4ii) Benzene c*wtl pentarte. c 

(iii) Phenol. , < 

\iv) Pyridine. 
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V • 

It is not necessary in this volume to study closely the results of the work of various 
experimenters with these solvents. It may be said, however, that a useful empirical 
separation of coal into three main groups of compounds lm^ been effected by the 
use qjt pyridine aftd chloroform, thus * 

* • (i) Alffia compounds, insoluble in pyridine. 

(ii) Beta compounds, soluble in pyridine, but insoluble in chloroform. 

• (iii) Gamma compounds, soluble in pyj/line, iS^usoluble also in chloroform. 

* ' , 

This separation may perhaps be seen more clearly from tKfc following : — 


Bituminous Coal 


treated with pyridine 


Alpha Compounds 


Extract A 


Extract A 

treated with chloroform 


\ 

Beta Compounds 
(Insoluble) 


Gamma Compounds 
(Extraot B) 


The alpha and beta compounds appear to be of the ssfme type, and correspond in 
general characteristics to the derivatives of the celhjoses (ligno-ccllulose, etc.) in 
the coal, in contradistinction t<J the gamma compounds which appear to have 
concentrated in them tile resinic derivatives. Until the composition of these groups 
of compounds has bccn^nore definitely established it is not desirable, however, to 
dogmatise about the latter classification. Jones and Wheeler 1 have found that 
the alpha and beta compounds yield on distillation very small percentages of 
liquid, products, mainly phenols ; while about 40 per cent to 50 per cent of the 
gamma compounds distil below 400° €., the products being paraffins, olefins and 
naphthenes, but no phenols. . * ^ ' 

Stopes and Wheeler 2 summarise thrive main ponSlusions in *hei*rcvMw of the 
experimental results obtained by solvents ^n groups (i) t^.(iv), viz. : — • 


(a) Evidence hns Veen obtained of tRc presence* in % bituminofts coals vf small 
quantities (presumably but littl# altered) of^sin extmttable with ether. 

‘Jones and Wheeler. “The Composition of Coal.” %rarn. Chcm 1915, 107 , 1318* 1 

ot£ SfAtW ££&£& sw “’ 
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f , ( 

(b) Free hydrocarbons exist in small quantities in many coals. c 

(c) Whatever be the exact nature of its action, pyridine affords a means of 
resolving mai^y coals in such a manner as to render subsequent chemical 
examinationdess difficult. 

Illingworth 1 makes the following generalisations : — 

(i) Anthracitic coals •are'" dtf.ractefised by the general absence of beta and 
gamma compounds ^ 

(ii) The properties of carbonaceous coals are due to the relatively high contents 

( of alpha compounds compared with gamma compounds and to the absence 

of beta compounds. 

(iii) Bituminous coals in general owe their most striking propert ; es to the 
presence of gamma compounds ; while the beta compounds occur ir the 

c 

greatest quantity in coals in which the ^ ratio lies between 14 and 16. 
ACTION OF KEAGENTS ON COAL 

v - 

Coal may be oxidised quickly by means of cheipical reagents such as sulphuric 
and nitric acids, caustic alkalis, bromine and also ozone, or nunc slowly, as by 
the atmospheric oxygen, in the weathering of coal. It has been found 2 that coal 
boiled with a mixture of potassium chlorate and dilute hydrochloric acid yields 
chlorinated substances of complex composition entirely soluble in alkalies. Further- 
more, many coals dissolve almost completely on evaporation with nitric acid. In 
most cases, however, the use, of reagents yields produces of great complexity, which 
throw little light on the nature of the original coat substance. Stopes and Wheeler 
thus summarise the position : — 

“ Considered by themselves, the facts elicited from the study of the action 
of reagents on coal arc not very Informing (we except, of course, the facts relative 
to the formation of ulmic compounds), nor are the prospects for future work in 
this direction very promisiiig.” 


ULMINS 

. t 

The action of potaSsh;m r hydroxide miiijt be considered separately, as the com- 
pounds removed from coal by its' means are very important, and fjrm the basis of 
the t so-c&lled “ Ulmic Substances.”’ * < ' 

The Ulmins may ‘be ^lescjibed as highly complex colloidal jellies which appear 

1 1 Illingworth, S. Roy. *i The Aciioi* of Solvents on Coal.” Fuel in Science and Practice June, 

1922<* * 1 

2 Cross and Bcvan. “ On Pseudo Carbons.” Phil. Mag., $ r. 5, Vo). 13, pp. 325-8. 
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after th# decay of the softer portions of plants. The ulmin compounds occur in 
wood decayed by “ wet rot,” to a lesser extent ill peat and lignite, but very rarely 
in bituminous coal ; they have never been detected in anthrftwte. Thus the content 
of soluble ulmin Compounds diminished as the content of cafbon increases. The 
formation o» non formation of ulmin compounds is indeed generally givCn as a 
' method of distinguishing between a lignite and a bituminous coal. It is found, 
Jipwever, that a bituminous coal which l^s bccom^ oxidised, by weathering, for 
example, contains appreciable quantities oi ulmin ^ompow^ds, and that the quantity 
increases with the degree of oxidation. The presence of uhffm compounds detracts 
from the coking quality of a coal. A very interesting fffild for research is therefore 
openeef up by a study of the ulmin compounds in carbonaceous material, and further 
information oi\ the constitution of these compounds in coal would be of great value 
in* determining the constitution of coal. 

ATMOSPHERIC OXYGEN AND COAL 

• 

* The most important reagent in the oxidation of coal is atmospheric oxygen. 
The spontaneous combus’titfn and the weathering of coal, the reduction or prevention 
of which is of so much industrial consequence, are due to the slow absorption and 
combination of the oxygen of the air with the coal even at ordinary temperatures. 
It is not surprising, therefore, that considerable research work should have been 
done on this phenomenon. The weathering of coal results in the deterioration 
of its qualities, particularly as regards calorific value and coking properties. 
The weathering process begins with the absorption of oxygen, which unites 
chemically with the coal substance and generates hc&fc. Should this heat not be 
dissipated, the temperature of the mass of coal slowly rises, due to its poor con- 
ductivity of heat, until the point of ignition is reached. The drop in calorific value 
isllue to the oxidation of the carton anti hydrogen in the coal to carbon-dioxide 
and water respectively. Important factors in the spontaneous heating of coal are 
(a) the freshness of the broken coal surface— for the first few days or weeks the 
freshly broken jjoal surface is much more active in cdinbining with oxygen than it 
is later ; (b) the temperature of th$ cftal on St^agc— - coal stored durinM-hfr hot 
months, of summer is more liable to spontaneous jpmbustion than coa| stored 
during- winter ; and (c) the fineness of tjip coal— -the surface of flic cTbal is greatly 
increased as the sizfc of the individual partifles is diminish®! ; and there are strong 
grounds for belief tljat ^tlm spontaneous beating, of cqal is a surlaoc phenomenon. 

Important researches, in winch the results hare been directly applied for 
industrial purposes, have been carried puttiy Sir Richarcf ThrflfaB on the spontaneous 
heating of coal , 1 particularly during shipn^nt, fluj'by De. k S. Haldane on the 

* 1 Threlfal), R. “ Spontaneous Heating of Coal.” J^urn. Sac. Chem. Ind. 1909, 28, 759. 
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spontaneous firing of coal in mines. 1 The former researches were carried out in 
connexion with the investigation of the New South Wales Royal Commission 
between 1896 and 19QC, and the latter by the staff of the DoncaBter Coal Owners’ 
Research Laboratory. 

The effect of the oxidation of coal on its coking properties will be discussed 
in a later section. 

THE DESTRUCTIVE DISTILLATION OF COAL 

Our chief knowledge of the constitution <-of coal has probably been obtained by 
the indirect method of destructive distillation, comparative results being .obtained 
by the subjection of coal-forming materials and typical coals to the same process 
of destructive distillation. It is unnecessary to describe fully all th& experimental 
work which has been carried out under this heading, some of which mOst b6 u dis- 
cussed in Chapter VI. The results of some of the researches have, however, some 
bearing upon the chemical constitution of coal, and it is desirable to summarise 
them in so far as they affect this aspect of the problem. 

The following general conclusions of Burgess and Wheeler 2 are largely confirmed 
by the work of Porter and Ovitz, 3 and that of Vigny n 4 : — 

(i) There is for all coals a well-defined decomposition point, at a temperature 
lying between 700° C. and 800° C., which corresponds with a marked 
increase in the quantity of hydrogen evolved. 

(ii) The evolution of hydrocarbon of the paraffin series practically ceases at 
temperatures above 700° C. 

(iii) Ethane, propane, bfftane and higher members of the paraffin series form 
a large percentage of the gases evolved at temperatures below 450° C. 

As a result of these observations, Burgess and Wheevr presumed that coal is 
composed of two compounds which differ in their tendency to decompose. The 
more unstable yields the paraffin hydrocarbons and no hydrogen ; the more stable 
decomposes rapidly between 700° C. and 800° C., yielding hydrogen as its chief 
gaseous product. They were further of opinion that the chief diiierences in the 
properties of coafs are du$ to the proportions in which those compounds are blended. 

Clark an4 Wheeler 5 gavf additional evidence of the existence of these com- 
pounds, and labellerf i\J-, paraffin-yielding bom pounds “ resinic ” and the hydrogen- 

1 Haldane, J. 8. “ Spontaneous Firing of Cqpl in Mines.” Proc. Inst. Min. Eng., 191 7, 53, 194. 

2 Btirgess an<f Wheeler. “ Tflc Volatile Constituents oi Coal.” T'raris. ('hern. Soe. t 1910, 97, 

1917 ; 1911, 99 , 049. tf * 

^ Porter and Owtz.* *iThe Volatile Matter of' V'oal.” Unlhlin 79, U.S.A. Bureau of Mines. 

4 •Vignon, L. “ Distillation fracfConec de la HouilW” Cow pits R* ndun, 1 91 2, 156 , 1 *71 4-1 7. 

5 Clark and Wheeled ‘*The Constituents of Coal,” Part III. Trans. Chem. Soc. f 1913, 

10# 1704. 



NOTES ($N THlj CONSTITUTION OF COAL . .47 

yielding f “ cellulosic ” (see, however, page 42). Although it may be taken 
as confirmed that the evolution of hydrogen iifbreases rapidly at a temperature 
between 700° C. and 800° C., it is not yet generally agreed 1 ttort this phenomenon 
is du£ to the de&mposition of a constituent of ccal which ft stable up to that 
temperature.^ # • # 

THE LIQUEFACTION OF (jffAJj 

" Very interesting work on this subject ^1 as been doije in Germany, under the 
direction of F. Fischer, at the Coal Research Institute at Mannheim. Since only 
aboift 6 per cent of the weight of the original coal is re^o^red as tar by the ordinary 
gasification processes, attempts have been made to ob&in liquid fuel from solid 
fuei by ifteans other than carbonisation. The action of ozone has been investigated, 
anil other processes in relation to the oxidation and hydrogenation of coal under 
pressure. Research with ozone # has been discontinued, partly because of the 
expense, and partly because the same results may be obtained by pressure-oxidation 
methods.. In the latter, finely ground coal is mixed with a solution of sodium 
garbonate, after which it is treated with compressed air in steel containers at a 
temperature of 170° C. to*200° C. When subjected to this process, coal yields 
about 40 per cent of soluble organic compounds. The properties of these com- 
pounds have not # as yet been’closely determined. In the hydrogenation system of 
Bergius the coal is treated with hydrogen at about 400° C. under a pressure of 
150 atmospheres in special steel cylinders. It is btafccd that about 80 per cent t$> 
90 per cent of the original dry weight of certain coals has been in this way turned 
into an oil which shows the characteristics partly of phenolic and partly of the 
petroleum hydrocarbons. % 

As a result of their experimental investigations, Fischer and Schrader 1 consider 

that the main classes of compounds that have produced coal are : — 

• * # • 

(a) Cellulose, which is, however, destroyed during bacterial fermentation. 

(b) Lignin, 2 which becomes ulniins, and 

(c) Resin, which becomes “ bitumen.” # 

They contend tfiat the greater proportion (if nftt all) of the cellulose disaggeat^ in 
the course of coal-formation through bacterial •action, and that coal is composed 
chiefly. of the ulmins produced by the transformation yf lignyn<?| though it may 
also be derived in part from the concentrated resits of thXplants. According to 
this theory, whicTi is not fully established# bituminous c$al must regarded as 
consisting mainly of (b) ahd (c) adbve. It should be noted that Fischer and Schrader 
differ from Wheeler in believing that tlA ulrnic portion ofiCofcfUs derived sylely 

1 Fischer and Schrader. “ Origin and Chemical Struct ur/ of Coal.” *Fu<d in Science and Practice. 
July, 19C2. # • * * # • 

• 2 It is perhaps preferable to use tfcte term lignone, and Jhis term is used hereafter in this volume. 
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from lignone (the lignone portion of ligno-cellulose), and not from the celluloses, 
and would prefer in Wheeler’s writings to substitute the words lignone derivatives 
for cellulosic derivatives. 

THE MICROSCOPICAL EXAMINATION OF COAL' 

This consideration of the constitution of coal would be incomplete without some 
reference to the contribution afforded b^; macroscopical and microscopical evidence. 
One of the most interesting developments of recent years is the description by 
Dr. Marie Stopes of the four visible ingredients in banded' bituminous coal. She 
points out that four distinctive and visibly differing portions are recognisable in 
the mass of a bituminous coal, and that these four portions “ react so differently 
to certain simple chemical materials as to indicate that their chemicai moleciJ.es 
should be substantially different from each otbir.” To these she has given the 
following names : — 

Fumin, equivalent to the so-called mother of coal.” 

Diirain , equivalent to the “ dull ” coal of various authors. 

Clarain, and c 

Vi train. 

The two latter have been referred to indiscriminately by different authors as 
“ bright coal.” 

9 Considerable experience is, of course, necessary before some of the constituents 
present in a block of coalman be identified with certainty.* They occur frequently 
in thin bands, and tend in jertain cases to merge ore into the other, e.g. it is some- 
times difficult to distinguish, without the help ‘!>f the microscope, between clarain 
and alternate thin bands of dura in and vitrain. Stopes, 1 indeed, insists upon the 
fact that these portions — except possibly vitrain — are ^-neither homogeneous ^por 
chemical molecular units, and tha£ clarain may eventually prove to be vitrain which 
contains plant remains. Mr. J. Lomax has done much work with the object of 
correlating the known general properties of the constituents with the compiercial 
properties of typical ^oals. An interesting, description t;f the methods employed by 
Mr. Lomax for VbservaJ ions and researches on the microstructure of coal is given 
in Fad m Sfieme. and Prad:tcn, f May, 19^2. 2 

Fumin , accord ib^o fetopes, occurs ‘as wedges roughly parallel to the bedding 
plane. It is very powdery, arfll, according to Sinnatt, 3 contributes greatly to the 

• ' < * 

1 Stopes, Marie £4 “ On the Vour Visible Ingredients in Banded Bituminous Coal." Proc , 7?oy. 
So%B., 90, 1919. « • • • r 

f Lomax, J. “The Preparation of Transparent Htctions of Coal.” Fad in Science and Practice, 
Mjy, 1922. 

3 Sinnatt, F. S., and Slater. “ Propagation of a Zone of C'ombu&ion in Pbvrdered Coal.’ 1 Fuel in 
Science and Practice, Aug., 1923. * e 
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dust whiqji is so dangerous a factor in certain mines. The layers in which it occurs 
are utilised as lines of weakness by the miner in getting the cr?al. Examined micro- 
scopically in thin sections it is opaque and black, and ofteif shows the vascular 
structure of the wood. In the coking test the residue appears as a non-coheren 
powder, in jonsaqfience dust from coal washeries may not possess a lg co ing 
power, despite the properties of the coal. • 

* Durain , or spore coal, often referred to j,.s dull Coal, is hard and dull in appear- 
ancc. It does not usually present a large surface of contae. tc», adjacent constituents 
of other types. According to Stopes, V the purert durain tends to have ravelled 
edges*’ When examined in thin sections, it is seen to contain a large number ot 



DURAIN • ,* . , 

FUSAIN 

Fw, 2 .— Conventional Notation fob Coursing Diagram. 

macrospores and microspores on a background of opaque granules. Sinnatfc states 
that in certain special coals durain is practically representative of the whole of the 
seam? although in many citses it does not preponderate. Lessing 1 finds that on 
coking, durain undergoes practically no change in form, and that in general it must 
be regarded as almost devoid of coking value. 

Clarmn has % well-marked glassy appearance a distinctly laminated 
structure. Microscopically, it lias a clearappearancc, though heten>genwus Svhen 
compared with durain, and presents bands of leaf cuti jje, *stem th$ueg and*resin 
bodies which are translucent with some spore exines*. It is especially rich in plant 
remains, and on coking presents well-marked Cohering properties. 

Vitrain occurs in. bands up to # somc halWnch in thickness, is usually slnftply, 
defined, and is quite distinct from the neighbouring layers of other constituent^ 
It does not present any structure, and tends to break m conchoidal fortn. 

1 Lest ing, K. “Tli# Behaviour of f the Constituents of landed Bituminous Coal on Coking.” 
Tram. Ohm. Soc., 117, 1920. #' • 
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Microscopically it is translucent with a uniform texture, and in. colour a pale 
gold to red-brown, according to tne thickness of the section. Stopes likens it to a 
hardened glue or jelly. Lessing has shown that vitrain is comparatively highly 
coking. # ,t * 

Although some use has been made of the microscopical examination f bf coals for 
certain commercial purposes, it cannot be said that up to the present there is any 
very definite correlation of thv constitution of a seam to the use for which the 
coal may be suitable. A r i»ve work is, however, proceeding in this direction. Sinntftt 1 
has recently plotted \ery carefully the vertical section of several seams, and has 
prepared a diagram showing the coursing of the four constituents in the Alley coal, 
which is reproduced with his permission in Fig. 1 . It should be stated tligt, in this 
figure, the conventions given in Fig. 2 have been adopted by Sinnatt to indicate 
the four ingredients. It was at first thought that they could be indicated l iost 
conveniently on a drawing by giving them different colours, but this method has 
been rejected except for exhibition purposes. 

TABLE IV 


Percentages of Four Visible Ingredients in Certain Seams 


Name of Seam. 

> 

Vitrain. 

Clarain. 

Durain. 

Fusain. 

Foreign 

Matter. 

Arley 

14-6 

65-9 

181 

1-4 

— 

Wigan 5 ft. 

9*8 

53-1 

35-2 

1*9 

— 

Trencherbone . 

' 7-0 

70-0 

21-2 

1*8 

— 

» Tops . 

7-2 

55-8 r 

35-5 

1-5 


,, Bottoms 

6*8 

85-6 

5-6 

20 

— 

Wigan 4 ft. 

25-1 

51-9 

20;2 

10 

1:8 

Arley 

21-3 

65-4 

12*8 

0*5 

— 

Queen Mine 

1-3 

96:7 

Nil. 

Nil. 

— 

Bickershaw Yard 

« t « 

. Nil. 

Nil. 

100 

Nil. 

s , 


Tlie percentages of the four ingredients in Arley coal and other seams are given 
in Table IV. Specimens of the ingredients were separated from four of the seams, 
and^the resists of the, analysis of the material are given in Table V. The analysis 
’of each ingredient in the ^hick Seam, Hamsteal Colliery, is given in Table VI. 

c 4 * 4 « f < 

1 Sinnatt, F. S. “A Method cf repres' nting the .Structure of Coal Scams.” Manch. Ocol. and Min. 
Soc .. June, 1924 ' * - 4 
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TABLE V 

Analyses op each Ingredient in Certain S&ams 


Arley Mine 


11 

Moisture. 

Ash. 

Volatile m 
z Matter. 

Volatilo 
Matter less 
Moir l ”re. 

Coke. 

Fixed 

Carbon. 


• 0/ 

0/ 

o/ • 

e> 

0/ 

0/ 

• 

7o 

/o 

7o 

■. /o 

7o 

/o 

Vitrain . ,, 

M5 

0-87 

38-9 

32*75 

664 

65*24 

Clajain 

104 

1-15 

330 

31*96 

67-0 

65*85 

Durbin . - . 

1-06 

2-50 

30-4 

29*34 

69*6 

67*1 

Fusain ... 

1-40 

• 4-72 

13*2 

11*8 

86*8 

82*08 


Trencherbone 


Vitrain . . . | 

1*47 

1*54 

41*2 

39*73 

58*8 

56*24 

Clarain . 

1*35 

2*17 

444 

42*75 

55*9 

53*73 

Durain . . . ' 

1*31 

1*47 

35*9 

33*56 

64*1 

62*64 



Wr?an ; 

5 Ft. 




Vitrain . 

it 

7*0 

1*92 

39*9 

32*9 

604 

58*18 

Clarain . 

5 92 

2*79 

39*8 

33*88 

60*2 

57*41 

Durain . 

3*58 

4*65 

37*9 

34*32 

62*1 

57*45 



Wigan Yard 




Vitrain . 

3*4 

6-82 

37*4 

34>0 

62*6 

61*78 

Clarain . 

3*2 

5-20 

41*4 

38*2 

58*6 

55*34 

Durain . 

2*1 

12-90 

28*8 

26*7 

71*2 

58*30 

Fusa^a . 

]•; 

9-90 

• 23*7 

22*0 

76*3 

70*40 




t 


1 

■ — — 


TAJBLF VI . 

Analysis />f each Ingredient in Thick Seam, Hamstead Colliery 1 

* • # 

• Volatile, Matter in 



MoistuVe. 

Ash.* 

*• Ash- Tree dry 

Vitrain . 

12*6 * 

> 1*2 

v 38*6 

Clarain . 

10-2 • 

• 145 

40*8 

Durain 

6-5 - 

3*6 

V 39*4 

Fusian 

. , 3-9 

10*0 

v * 22*6 


a \ • • | , 

1 Tides well, F.V., and Wheeler, R.V. "A Chemical Investigation of Banded Bituminous Coate***" 
Tran% Chan. Soc. , 1 91 9, 115 , C30. • * 
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It must be admitted, however, that up to the present the microscope has been 
useful for comparative purposes only. Further work is needed before it will be 
possible to show definitely that, if the constituents are present in a certain proportion, 
the coal will be useful for any specific purpose. Typical sampled of coal^fiicji have 
proved satisfactory, and of others which have not proved Satisfactory, may be 
examined, and it may be found that coals with a similar appearance under the 
microscope behave similarly il practice. For commercial purposes, such as the 
selection of coal for a cbSfinitc contract, the microscope may usefully be employed 
in eliminating unsuitably type# ; but witfy the present knowledge the final selection 
should preferably not bo fiiade until a trial under working conditions lu& been 
carried out. 



^CHAPTER V 


THE CLASSIFICATION AND TESTING OF COAL 

THE CLASSIFICATION OF COAL * . 

It is very^ diffi,ci!lt to classify the different varieties of carboniferous deposits 
as they exist to-day. Several methods have been suggested, but it cannot be said 
l^jiat any one is entirely satisfactory. Thus the (gasification may be made from 
the point of view of the geological age, the coking properties, the commercial appli- 
cation, the chemical composition, etc. ; but as the yharacte ifttics in any one group 
tend to merge into those of another, the various schemes of classification are 
convenient' rather than scientific. Six grades may be distinguished, viz. 

(1) Peat. 

(2) Lignites or Brown Coals. 

(3) Cannel Coals. 

(4) Torbanites. 

(5) Bituminous Coals. 
r (fi) Anthracites. 

The difference in the chemical composition of carbonaceous materials is exemplified 
by the average figures given m the following table by Butterfield 

TABLE VII 


Chemical Composition of Carbonaceous Materials 



Carbon. 

Hydrogen. 

i 

Oxygen. 

Nitrogen. 

Sulphur. 

Ash. 

Cellulose 

44-4 

6-2 

49-4 




Dry Wood (average) 

, 48*5 

• 6-0 ♦ 

43-5 

0-5 


1-5 

Dry Peat 

58-0 

6-3 

3(1-8 

0-9 

' trace 

4-0 

Lignite 

07-0 

5-1 

19-5 

M 

1-0 * 

6-3 

Coal .... 

77-0 

5-0 

| 7-0 

1-5 

1-5 

8-0 

Anthracite . t. 

• 

00-0 

2-5 

i * 

: .2-5 

, * 0-5 

0-5 

' • 

4-0 


• i 

It will be noted that the principal differences irom eelluJof^ to anthiacue arc in the 
gradual and almost total elimination of oxygcik— and /fo a small y* extent of hydrogen 
also — and the corresponding increase in the^carbo.n content* 

tt’ 

» 

GRUNER’S CLA^lRICATIpN 

It itj not necessary to give in detail the Var ons° classifications* of coal 
hare been advanced. One of the earliest, first syggeste^ by Regnault and slightly 

53 
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modified by Grirner, has been widely adopted on the Continent, and is given in 
Table VIII. This classification is based on dry coals which are ash-free and 
sulphur-free. ^ 0 


TABLE VIII 

Gkuner’s Classification of Coal 

i 



. ^composition per cent. 



Class. 

V. 



Specific 

Nature of Coke. 

< 

Carboit. 

Hydrogen. 

Oxygen. 

Gravity. 

, 

(1) Dry coals 
long flame 

75-80 

5-5-4-S 

19-5-15-0 

1*25 

Powdery ,or slightly 
fritted. 

(2) Fat coals 
long flame 

80-85 

5-8-5-0 

14-2-100 

1*28-1*30 

Caked, Out porous. 

(3) Fat coals 

84-89 

5-0-5-5 

11-0-5*5 

1*30 

Caked and fairly 
compact. 

(4) Fat coals 
short flame 

88-91 

4 -5-5*5 

05-5*5 

1*30-4 ‘35 

Compact. 

(5) Lean coals 
anthracite 

90-93 

4-5-40 

5*5-30 

1*35-1-40 

Lightly fritted or 
powdery. 


SEYLER’S CLASSIFICATION 

One of the best methods so far suggested fo^ the purpose of the scientific classifi- 
cation of coal is that put forward by Mr. C. A. Scyicr. 1 As the result of a detailed 
study of the coals of South Wales, which range : n many varieties between bituminous 
and anthracitic coal, coals are divided according to their hydrogen content into 
five principal groups, each of which is further subdivided into other classes according 
to the carbon content. The chief classes of each group are shown in Table IX. 
This classification has been used by Drs Strahan and Pollard,? of the Geological 
Survey 01 England and Wales, in their publication upon the coals of South Wales. 
‘ , , ' 

1 Soyler, C. A. “The/"he'inical Classification of Coal.” Proc. S. Wales Inst. Eng., 1900, 21, 483-526. 

* Strahan and Po*’ *rd. “The, Coals e* South Wales, with special reference to the Origin and 
Distribution of Anthracite.” Ed. 2, Mem . Ocol. Survey, Eng. and Wales , i„, 91. (H.M. Stationery 

, Offiob.) ‘ 
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‘ «• ' 

U.S.A. GEOLOGICAL SURVEY CLASSIFICATION 

(« 

The United Stat<rs Geological Survey 1 has adopted a classification somewhat 
similar to that proposed by Mr. Seyler, the basis being the ratio of tlp^ carbon- 
hydrogen content. This classification is given in Table X. * 

* r 

V TABLE X 


{ • r 

U.S.A. Geological Survey Classification of Coal 
v ‘ e * 


Group. 

< 

* Descrif .ion. 

Ratio : C.H. 

A 

Graphite 

00 to (?) 

B \ 

C J 

Anthracite 

/ (?) to SO (?) 

1 (?) 30 to 26 (?) 

D 

Semi - anthracitic 

(?) 26 to 23 (?) 

E 

Semi-bituminous 

(?) 23 to 20 

F \ 


/ 20 to 17 

G 

II 

Bituminous 

* 

\ 17 tA44-4 
i’14-4 to 12-5 

I ) 


\ia-5tolI-2 • 

J 

Lignitic 

11-2 to 9-3 (?) 

K 

Peat 

(V, 9-3 to (?) 

L 

Wood 

7-2 


fAKR’S CLASSIFICATION 

A new classification of coal has been proposed by Mr. S. W. Parr, 2 of the 
University of Illinois, at the recent AAnual Congress ef the American Che&ical 
Society. T^is classification is based upon the heating value per lb. of coal substance 
and the percentage of volatile matter contained in the coal. The unit heat value 
of the coal substance is determined from the formula : — 

Totfcl IB.Th.U. — 5t)00 8 
i # , T^(T08A -(h&TS) ~ 

where S = percentage/flF sulphur, 
and A = percental of ash. * 

r This formula gives a "true heat' value for the cad substance itself without regard 
to, the percentage^ consent «f the ash or sulphur of the coal. 

This classification \yould gropp American* coals as shown in Table XI. 

( t » * < * 

U.S.A. Geological Survey : Professional Paper No. 48. Report on Coat Testing Plant, « T , 1906, 
2 Parr, S. W. 4 ‘The Classification of <Joal.’* Jonm. of Irtd. and Eng. Ch:m. t 1922, 14, 919. 
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TABLE XI 


Parr’s Classification of Coal • . 


* (Jlasa. 

Heating Value per lb. 
of Coal Substance. 

f.* Cellulose and Wood 

. 7500- 8500 

2. Peat 

’ 7800-11500 

3. Brown Lignite ... 1 

. 11500-12500 

4. Black Lignite . 

. 12500-13500 

5. Sub-bituminous . . \ 

, 13500-14000 

6. Western Bituminous. (American) . 

. 14000-15000 

7. Eastern Bituminous. ( „ ) 

. 15000-16000 

>8. Anthracite 

. 15500-16000 

In conclusion, it should be adJed that, although 

each of the above classifications 


has doubtless its utility, it cannot yet be said that any classification has been 
evolved jyhich enables the practical engineer to say definitely that coal of any 
particular type can be most economically applied for a particular purpose. 

FURTHER CLASSIFICATIONS OF COAL FROM A 
CARBONISING STANDPOINT 


Attempts have been made from time to time by various investigators of coking 
problems to take advantage of some of the information which has been obtained on 
the constitution of coal. * In one interesting series of patent specifications 1 Illingworth 
describes how by subjecting coal to pre-heat treatmepf he is able to decompose 
some of the constituents which hare already been referred to, and so to modify the 
raw material by adjusting the undecomposed portions to correspond to the 
proportions of similar constituent?, in a ?oal known to give the filial product 
desired. Thus, in specification 164,101 (1921)* referring to the production of 
metallurgical coke, he classifies coals as follows 


Type I. Ip which the humic, cellulosic and resiiTic substances decompose at 
or below 300° 0. * w 

,, II * Decomposition at or below 350°, C. 

„ HI. Decomposition at or below 400° Ct 

j, IV. Decomposition at or below 450° C. , 


Illingworth goes on to state #that the Best types of coking coal and'altJb gae 
coals contain certain amounts of Types <JI, HI and IV, but that the content v of 
Type II is greater in a gas coal than In a good colyng coal. He further states lhat 

/ 1 • 

1 Hlingwortb, 8. Roy. PaV SpcA No. 104,104 (1921), 175,838 (1922), 180,085 (1922), 1*7,328 
(1§22). t 
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the more volatile gas c$als contain»considerable quantities of Type I. In*his own 
words : “ If, therefore, gas coals are heated out of contact with air to 350° C., coals 
of the Types I and II may be eliminated, leaving a residue containing Types III 
' and I!£, such residue being suitable for coke production.” c f * 

In a similar way Illingworth describes in later patents the i&am&r in which 
the properties of a coal whicli gavua soft semi-coke on direct carbonisation at 500° C. 
could be modified by pre-lu^it trefwmcnt so as to form a dense, hard, smokeless fuel 
at 4:80° C. containing s<*qje 10-3 per cent of volatile matter. 

I»the Report of the FfTel Jlesearch Boarfc, 1 coals for the # purposes of carbonisa- 
tion are classed under two heads : — # # 

{a) Those in which the resulting coke occupies a ‘greater volqme than thft 
original coal, and 

(6) Those in which it occupies a smaller volume. 0 

For the present, and until our knowledge of the constituents of coal is greatly 
increased, this latter classification appears to meet all the requirements of low 
temperature carbonisation practice. By mixing the two types in correct proportions * 
a coke can be produced which meets all the requirements oi strength and robustness 
to withstand the rough handling of transport amf distribution. The proportions 
can be determined in a few hours by the method of low temperature assay which 
is briefly described on page 60. * 

TESTS ON COAL 

Various tests are made on coals in order to obtain information upon their quality 
and to determine their suitability for various commercial purposes. Useful though 
this information may be, it is by no means a bonflusive indication of the properties 
of the coal under test. Coal is a heterogeneous mixture of compounds with widely 
differing physical and chemical features, and it is # not to hi* expected that the-icffdts 
of any simple test will reveal all the important characteristics of the coal. Indeed, 
any advance in the study of the potential behaviour of coal must be slow so long 
as coal is treated as a unit compound and not as a mixture of substance? . In 
defa\*?V)f a pv mgre suitable tcst,^t has beefi tlfe practice to correlate the properties 
of coal mth the results of the following tests amongst others : — « 

(i) Proximate aftialyoif?, i.e. the determination of the percentage by weight of 
the moisture^Volatile ny.tter, * fixed ” carbon and ash! % 

, (ii$ Ultimate analysts, i.'e. the det&mination^of the percentage by weight of 
# the eleme»tJ, carboy ‘hydrogen, oxygen, nitrogen and sulphur. 

(i$i) Estimation of the calcific value. * 
tw ,(j |v) Determination of the«£o6ing (caking) index. 

1 Fuel Research Board : Report for the Years 1920, 1921 ; r Second Section : “ Low Temperature 
Carbonisation.” (H.M. Stationery Office#) • 
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The Tgreat difficulty in making estimates from the resufs of these testis is that 
the analytical processes themselves affect the coal, particularly in the determination 
of modsturo and # the volatile constituents. A certain amoufit of occluded gas, for 
exrfmph* may be^ obtained. The occluded gases may be determined by pimping • 

# of the ga^ liberated or by collecting the gas given oft in a vacuum, either at 
ordinary temperatures or 100° C. It is found that nifrogen and oxygen generally*"* 

* *come off first, followed more slowly by carbon dioxide and methane, but at ordinary 
temperatures such experiments will last for many days. • 

Jfc is not necessary *to describe the Fiethods whkejj>y ^fese various determinations 
may be jnade, which must for the above reasons be considered largely conventional. 
Those # employed in industrial laboratories may differ from those essential for 
scientific investigation, in which a greater degree of accuracy, and consequently 
% • 

TABLE XII 


Typical Differences between Proximate Analyses on Moisture-Free 
and AshJFree Bases 


« 

« 


• 

• 

i 

r 

9 


Moisture-Free 


Moisture -Free and 
Ash-Free. 


A 

B 1 

• c 

D 

A | 

B 

C 

D 

1 A 

1 

B | 

C 

D 

Moisture 

7-20 

3*50 

6*37 

4*84 







• -| 

1 

[ 






Volatile Matter 

32*15 

•33*47 

33*40 

30*26 

34*64 

34*68 

35*67 

31-80 

39-01 

36*62 

37*25 

35-0 

Carbon 

50-25 

57*93 

56*26 

56*19 

54*15 

60*03 

60-09 

59-04 j 

60*99 

63*38 


64*9 

Adi . 

10*40 

5*10 

3* 4 * * * * 9 t 

8*71 

11*21 

5*29 

f-24 

9-16 

— 

— 

62*75j 

— 


4 # 

more complicated apparatus and processes, may be necessary. • In passing it should 
be pointed out that it is of the utmost importance that the small quantity of coal 
used in the tests should have so far as possible the average quality of the bulk of 
coal binder examination. The sampling of the coal, i.e. the selection of the small 
quantity of coal used in the tests, sfiouTd thcrefoae be effected in stater dard^man ner , 
which also ^iced not be described in this volume. 

It will be noted that, in the proximate analysis ol <*)%!, tlfe percentage content 
of moisture, vobtfife matter, “ fixed” carboh andtash are sttfed. In order to give 
the full data, the moisture contymt should*be determined*— 

(a) On freshly mined coal. • 

(b) On air-dried coal after ^crushi^gj 

The^sh may be Expressed eifher as the percentage content of original in«gafiflP“ 
faatf^r in the coal or as the residue left aft** complete combustion. There is a 
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great diforence betwee^ these two xesults, and the second iB that generally stated. 
Since the qualities of tie two coals whose proximate analyses are known may be 
masked by the percentage content of moisture and ash, the proximate analysis is 
sometimes given in terms of moisture-free and ash-free coal, typical di£erexlces 
arising in this way are shown in Table XII. ' ^ „ 

It may be added that it* does not necessarily follow that the higher the coking 
index of a coal, the denser and harder will be the product of carbonisation. On 
the contrary, the density^Toughness and crushing strength of cokes can often be 
increased by an addition d* in^rt ^matter. This point will bo discussed later. c 

LOW TEMPERATURE ASSAY «■ 

Until comparatively recently the development df a process for the carbonisation 
of coal at low temperatures has been greatly hampered by lack of knowledge oi 
the quantity and quality of the resulting liquids and gases when carbonaceous 
materials are heated to different temperatures for definite periods. The ordinary 
laboratory methods of testing supply no dirt 't information on these points, nor on 
the equally important questions of the rate of evolution of the gases, nor the effect 
of the temperature and the time of carbonisation on the quality bf the resultant 
coke. The low temperature assay of Gray and King 1 provides a method which 
affords accurate information upon these points, and their apparatus is gradually 
being recognised as an essential adjunct to the equipment of those interested in 
the development of practical methods of low temperature carbonisation. Their 
apparatus, which was worked out at II. M. Fuel Research Station, is based on a 
method which had been used for many years in th? Scottish shale oil industry, and 
consists of a glass or silica tube about 2 cm. in diameter and 30 cm. in length, 
closed at one end. .At a distance of about 2 cm. from the open end a skkj tdfce, 

1 cm. in diameter, is provided, which acts as an offtake pipe leading the gases into 
a condensing and scrubbing system. 

The complete lay-out of* the laboratory assay apparatus is shown in Fig. 3. 
B is tb^ silica j.e^t heated in th^filrnace A. The tube C acts as a condenser and 
is provided with an extension piece, for the reception of the liquid products . The 
tube D is filleS witlv gla^s ,beads vlrenched with sulphuric acid for the absorption 
of ammonia. The g is collected either over a mixture of glycerine and water, 
a solution of magnesium chloride in water, or water saturated with the gas obtained 
in a previous experiment. A constant pressure m the gas holder is maintained 
k by The ingenious apparatus sliown at G, H, # J, K. The gas entering the gas holder E 

■******’ -i Jjucl Research® Board. Tech, ^aper No. 1 : “The Assay of Coal for C'tybonisation Purposes : 
a new Laboratory Method. 1 ’ Thos. Gray, D.Se., Ph.D., and J&s. G. King, A.R.T.C. 

Stationery Office.) '' # 
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displaces liquid which flows into G through a piece of india-rubber tubiui/. The 
overflow from G passes into the reservoir K?, in which ioats a counterpoise J. 

J and G are connected by a cord passing over the two pajlleys shown. Thus, as 
th$ level in K rises, the receptacle G is lowered ; and if E and # K have equal cross- ^ 
sectional ajeas, # a # constant pressure is automatically maintained in the gas holder E. 
liy an adjustment of the position of G at the beginning of the experiment any._ 
desired difference of level may be steadily maintained throughout the test. 

* The furnace A may be either gas fired or electrically! Seated, and heats uniformly 



Fig. 3.— Low Temperature Assay Apparatus 
® (Fuel Research Board). 


at, least 6 inches of the tube B. The temperature is under control, and may be 
obstfved from^ime to time by means of a thermocouple in which the hot jimction 
is in contact with the middle of tBe r?*tort tuPe* aB shown in th^jj^gram-^ 

This apparatus is now obtainable from at Jeast two t>f the well-knowi firms of 
apparatus manufacturers, and has been recommbndecf {04 th» use * f analysts and 
others by the Sampling and Analysis Committee 4>i the Fuc^ Research Board. 1 It 
meets the long-felt want of a^ apparatus by which* within a few hours accurate 
information may be obtained of the quality of a c<?jl for carbonisation purposes, 

and from which the most desirably treatment for # any coftl or blend of coals* can 0 

• • 1 

1 Fuel Researcl/Board. Physical and Chemical Survey of the National (Joal Resourcg, No*-'- 
Jnteitm Report on Methods of Analysis of Coal. (H.M. Stationery Office.) 

• • 


COMTAEi'SON OF YIELDS OBTAINED IN LOW TEMPERATURE LABORATORY ASSAY (L) AND HORIZONTAL 
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•* • *' ? 

be deduced with the full confidence that, within certain limits, the results also 
be obtained on a working scale. For a full de&ription of tie method of operation 
and of typical results obtained by the apparatus, reference should be made to the 
pamjtilet already quoted. # • 

* * • » 

CORRELATION OF ASSAY AND FULL-SCALE RESULTS 

» • 

# Further work on the correlation of the laborajSry assay with the results obtained 
in retorts built upon a working scale is discussed in the fieport of the Fuel Research 
Board for the years 1920-21, second fection. 1 Table gives a comparison of 
yields obtained in the low temperature assay and horizontal retorts expresled as 
weights per ton of dry coal carbonised. It will be seen that, in the cases of coke, 
liquor, ^ammonium sulphate and gas, the mean ratio is in the neighbourhood of 
unity ; but that, in the horizontal retorts used at H.M. Fuel Research Station, the 
oil yield only averaged 60 per cent of that obtainable from the assay. It is, of 
course, not impossible that this ratio could be raised by modifications in this par- 
ticular plant. There is undoubted evidence of cracking taking place, due to the fact 
• that the vapour remains £or some consumable time exposed to radiant heat, as well 
as being in contact with ffeated^urfac^^While some improvement is possible, the low 
ratio of tar yie^d is typical of hhe fosses which usually occur in a full-scale plant. 
This emphasises the necessity of a reliable conversion factor between the results 
of laboratory testing and tl#>se obtained in large-scale operations, and shows the 
danger of accepting the estimates of the yields of the highly priced products *>f 
carbonisation which ane based solely on the results of ordinary laboratory testing. 

1 Fuel Research Board. Report for # the years 1920, 1921 ; Second Section : “ Low Temperature 
Carbonisation.” (H.M. Stationery Office ) 



^CHAPTER VI 

NOTES ON tfik CHEMISTRY OF CARBONISATION 
‘ r RODUCTS 

, INTRODUCTORY 

the distillation of coal a large number of chemical compounds isr obtained 
in the gas, liquor and tar ; some three or four hundred substance have been „ 
identified in the products of high temperature coal distillation, and doubtless many 
of these are to be found in the tar\ etc., resulting from low temperature distillation; 
These substances, which do not occur as such in the coal, are formed either by the 
therrpal decomposition ofVne qoal substance ^primary products), or by decomposition 
of the primary products, Sr by chemical interaction of the primary products with 
one another in the presence of incandescent coke. The substances formed feom the 
primary products may be called secondary products. It is not possible* in such a 
work as this to give a detailed account of the chemistry of the individual substances 
which have been identified among the products of low temperature coal distillation ; 
for such an account reference must be made to the standard works on organic 
chemistry. In what follows it is assumed that the reader has a knowledge of the 
outlines of that science. • - 

In this section it is proposed to give class'&d s/atements of those bodies which 
are indicated in the literature as having been identified together with a few explana- 
tory notes. It must be remembered that much of the work upon low temperature 
carbonisation tars is of very recent date, and, consequently, the results in some 
cases are still under discussion and may be subject to revision. Further, the lists 
given here by no means represent all the compounds present in low temperature 
tars ; much investigation remains to be done, and it is to be expected that their 
number will steadily increase. Finally, from the complex mixtures encountered 
in these tars, composed as they are of many substances chemically akin to each 
other, it is very frequently a matter of ex\reme difficulty te separate pure su4»fi*f£ces. 
Progress towards a full knowledge of the constituents of low temperature tars is 
and will be, of necessity, slow. 

CLASSIFICATION OF THE PRODUCTS OF LOW TEMPERATURE 
, ‘DISTILLATION * 

According 1m the ele^fits they contain, the products of low temperature coal 
distillation may conveniently bq classified as follows : — 

Hydrocarbons. t ^ 

! ‘ B. Compounds containing oxygen. 

M Compounds containing sulphur. 

* [ 1). Compounds containing chlorine. 

E. Compounds containing fiitro^en. 
t * 64 
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Borne oases these main groups are capable of ubdivision, /,s we shall see/ater in 
aling with them in the above order. 


• A. HYDROCARBONS 

The hydrocarbons may be subdivided into the paraffins, ethylenes, cyclo-' 
.raffins, acetylenes and benzenes ; not include^ in these groups are a number of 
her hydrocarbons to which reference will be made. 

• • « 

1. Paraffins 

* The following list gives the paraffin hydrocarbons which have been identified in 
vv temperature coal distillation products : — 

Paraffin Hydrocarbons. 

Frequently mentioned in the literature of the subject. 


perature,” Bulletin 79, Eng. Expt. Stat., Univ. of 
Illinois. 

Schiitz, Buschmann and Wissebach, “ Low Tem- 
perature Coal Tar and the Products of its Over- 
heating.” Bcr., 1923, 56, 1091. 

Schiitz, Buschmann and Wissebach, “ Low Tem- 
pemiure Cfal Tar and the Products of its Over- 
heating” Ber., 1923, 56, 1091.' 

• 

Parr and Olin, and Schiitz, Buschmann and Wisse- 
bach, he. cit. m 

Methylpentane C fl H 14 Schiitz, Buschmann and Wissebach, cit. 

9 *' • 

n . n JT f Parr and Olin, and Selling Buschma^ and Wisse- 

»-Heptano C,H 1S ' bach> hc _ ^ 

n- Octane C 8 II 18 

Decane C 10 II 2a 

Solid paraffins C 19 I1 40 


Methane 

ch 4 

Ethane 

C.H, 

Propane 

c,h 8 A 

Butanes 

C*H„ I 

1 

n-Pentane 

c 5 h 12 , 

■ 

M^byJ^utaue 

V 

c 6 h 18 | 

n Hexane 

cyiu { 


Schiitz, Buschmann -and Wissebach, loc. cit. 
Fischer and Gluud. Rer.? 1919, 5$ )O l053. 
Fischer andtjluud. Be?„, 1919, 52, 1053. 


n u An no\ f Fromm and Eckard, * Lighite Low Tern- 

C 23 H 48 (M. Ptt 47-7 | pcratureTv ,. Ber > m3i 66) 9 * 
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t t 

c 24 \ l 50 (M. Pt. 51-1°) 


C m H m (M. Pt. 44°) 


CmP- 64 0r ^2^56 

^ 28^68 (M. Pf. 62°) 

C2&U 6( j 

C 32 H 66 (M. Pt. 69-6°) 
C 34 H 70 (M. Pt. 73°) 


Fromm and Eckard, loc. cit*; Gluud, 
Ges . Abhandlungen zur Kenntnis der 

Kohlc , 1917, 2, 301. r 

< 

Fromm and Eckard >doc. cit. « f 

Jones and Wheeler, “ The Composition 
of Coal/’ Trans. Chem. Soc ., 1914, 105 v 
140. . 

Fromm and Eckard, loc. cit . 

Gluud, loc. citf. 

Fromm and Eckard, loc. cit . 

Fromm and Eckard, loc.cit . 


As will be seen, this list contains a number of members of the homologous 
series of paraffins, the general formula of which is C n II 2n+2 . Structural isomerism 
commences at the butanes, of which, there are two having the same empirical 
formula, C 4 H 10 , but different graphic form dae ; the two * utanes thus have molecules 
of the same size, but the molecular architev $ure jb different, and consequently the 
two substances are perfectly distinct. There are three isomeric pentanes, and, as 
we pass up the paraffin series, the number of possible isomerides having one particular 
^empirical formula rapidly increases. Thus there «*re no less than 355 possible 
isomers liaving the formula C 12 H 26 . The higher members of the paraffin series 
(the solid paraffins, for instance), which have been identified in low temperature 
tars, in all probability consist of a number of isomerides which it would be extremely 
difficult, if not impossible, to separate from each other. 

The paraffins found in low temperature tars exhibit that regular gradation in 
physical properties which is characteristic of an homologous series ; t. W n is, for 
instance, a steady rise in density up to a maximum of about 0-78 as the series is 
ascended. 

Chemically, the paraffin hydrocarbons are characterised by their comparative 
inertness. They do not readily react wiiji other substances, and such activity as 
they gossess^decreases jvith inefoasing molecular weight. This is partly due to the 
fact that they are stable saturated compounds, and consequently can only form 
new derivations by th^ Replacement of one or more of the hydrogen atoms in their 
molecules by othef elements efr radicles. Thus they are not absorbed by bromine 
# or sulphuric acid + fuming nitric acid has little 4r no action on the lower members 
%f the series, anti otjier oxidising agent#, such as chromic acid and potassium per- 
manganate, have limilarly little effect. Under suitable conditions chlorine and 
bromine interact \Jith the paraffins, yielding halogen i^ibstit&ion derivatives, and 
the corresponding halogen* hydraaids are by-products. 
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* 2. ETHYLENEt. 

i 

The ethylenes or olefines are unsaturated hydrocarbons having the general 
formula C^H^. rr hose which have so far been identified in th£ products of low 
temperature distillation are as follows : — 


Ethylene 


C,H t . 


• 

Propylene 


c 3 h 8 . 

* 

A 


Butylene 

4«p 

C 4 H 8 , 

(OH*: Oil 

•C t I 2 CH 3 ). 

Butylene 

Ah 

C.F„ 

(CHj I'll : 

CH-CH 3 ). 

Pentene (Amyfene) 

A*P 

c 6 h 10) 

(CH 2 : CL 

•CH 2 CH 2 CH 3 ). 1 


. The pjbove compounds are all members of the homologous ethylene series exhibit- 
ing the characteristic gradation of physical properties ; up to and including the 
butylenes the compounds are gi&es ; the amylenes are volatile liquids, and the 
boiling-point6 of the succeeding members rise until at octadecylene (C 18 H 36 ) we 
reach a compound which is solid at ordinary temperatures (M. Pt. 18° C.). 

In their chemical properties the ethylenes differ considerably from the paraffins. 
The former, on account their unsaturated nature, form a number of addition 
products. Thus they combine dirc'Aly with hydrogen to give paraffins, with 
halogens to give dihalogen derivatives of the paraffins, with halogen hydracids to 
give monohalogen paraffin derivatives, and with sulphuric acid to give alkyl - 
sulphuric acids, which are soluble in water. 

C 2 II 4 + Hj^CJIc Ethane. 

C 2 H 4 + Cl^tyiA Ethylene dichloride. 

C 2 II 4 + in~>C 2 II 5 l < Ethyl iodide. 

C 2 II 4 + ll 2 S0 4 ->C 2 IfrHS0 4 Ethyl hydrogen sulphate. 

In the absence of water the olefines also urftc directly with ozone, forming highly 
explosive '"ozonides of t-hfi general formula C n II 2ll 0 3 which decompose in the 
presence of water. 

The olefines further differ from the paraffins in their tendency to polymerise, 
especially in the presence of such substances as sulphuric acid or zinc chloride. 
Thus amylenc, C 5 H 10 , gives rise to polymerides of the composition C io t i t 20 and t 20 H 40 . 
Lastly, it should be noted that the olefines, unlike the paraffins, are readily oxidised 
by agents such as chromic acid or potassium pcrmanganLfc . 

DlOLEitNES * 

Although possessing the structure andcharacteristie*. of tlie u&fines, the group 
of hydrocarbons known as the diolefmcs have the garde general formula, C n dl 2n _ 2 , 

: Sqe Schiitz, Buselitaann a»d Wissebach, “ Low Temperature Coal Tar and the Product^! its 
Ovdr-hejting.” Bar., 1023, 56, 1091. 
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as th^sacetylenes, to rhich refereri 

:e is made below 

. Among the members of 

group are : — 




Allene (propadiene) 

c 3 H 4) 

CH 2 : 

C : CH 2 . 

v Divinyl (butadiene) 

C 4 H„ 

CH 2 : 

CH -CH : CH 2 . 

Piperylene (pentadiene) 

c 5 h 8 , 

CH 2 : 

CH-CH:CH-CH, ' 

Diallyl 

C a H l0) 

CH 2 : 

CH -CHj-CHj-CHiCH,. 


Inspection of the formulas of the^e hydrocarbons shows that in each of them the ' 
characteristic ethylenit linkage >C : C< occurs twice ; the substances consequently 
posse ss the properties of the, etliylenes to tin enhanced degree, and are not to be 
regarded as acetylenes. According to Jones and Wheeler 1 and Schutz, 2 diolefines 
result from the low temperature distillation of coal. 

4. Acetylenes 

r 

As mentioned above, the homologous series of hydrocarbons known as the 
acetylenes have the general formula C n II 2n _ 2 . The series includes the following 
compounds : — 

Acetylene C 2 H 2 , C1I ! CH • , " B. Pt. - 82° C. 

Allylene (methylacetylene) C 3 II 4 , *CH';C*CH 3 „ — 23-5° C. 

Crotonylene C 4 H 6 , CH 3 -C ! C-CH 3 * * 27° C. 

Acetylene itself has been identified by Burgess and Wheeler 3 as a product of low 
temperature distillation. 

The acetylenes being still more unsaturated than the* olefines, are even more 
reactive than the latter. Thus, under suitable conditions they combine directly 
with two or four atoms of hydrogen or halageqp, or with one or two molecules of 
halogen hydracids : — 

C 2 H 2 + II 2 -> C 2 Vt 4 0 Ethylene. 

C 2 H 2 + 2H 2 -> C 2 H 6 Ethane'. 

* C 2 H 2 + Br 2 C 2 H 2 Br 2 Dibromethylene. 

C 2 H,^- 2Br s ->- C 2 H 2 Br 4 Ethylene tetrabromide. 

C 2 H 2 -f HBr-^ C 2 II 3 Br ^ Vinyl bromide. 

C 2 H 2 + 2HBr->C 2 H 4 Br 2 Ethylene dibromide. 

In the presence of dilute .? ads the' acetylenes combine with the elements of water ; 
in this way acetylene /ifeids acetaldehyde, and allylene gives, acetone : — 

' CIJ i CH + H 2 0-*-CH 3 -CHO. 

- ch 3 c i-ch + h 2 o->ch 3 -Co -ch 3 . « 

* „ v t 

1 Jones and Wheeler. “ The Composition of Coal.” Trans. Chem. Soc ., 1914, 106, 140. 

# Schutz. “ NaturcPof the Hydrocarbons present in Low Temperature Tar Light Oil.” Brennttofl - 
chemie. 1923, 4, 84, * V. 

3 j3urgess and Wheeler. “ The Volatile Constituents of Co&l.” F fans. Chem. Soc., 1916, lf7, 1^10, 
and subsequent papers. < € ( 
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) * 

The acetylenes also unite directly with ozone, giving ozonidfs readily deceihposed 
by water. The tendency to polymerisation shown by the ethylenes is still more 
marked in the acetylenes. Thus, on heating, acetylene polymerises to benzene 
(3C 2 n 2 ->n 6 H 6 ), and under appropriate conditions allylene becomes converted into 
mecitylene (BC 3 IT 4 ->C 9 H 12 ). 

Those of the acetylenes which contain the group ~C ; CH possess the some - 4 
what curious property of forming metallic derivatives such as copper acetylide, 
CuC : C-Cu, and silver acetylide, Ag-C • CAg ; the acetylides of the heavy 
metalq are dangerously .explosive when dry. * 

• * 5. Naphthenes or Paraffenes 

The general formula for this group is, like that of the ethylenes, C n H 2n ; the 
molecules of* these hydrocarbons are composed of varying numbers of -CH 2 - 
(methylene) groups, assembled in ring formation, and are hence known as poly- 
methylenes. The following are members of this series : — 



ch 2 

B. Pt. 

• 

- /\ 


Trimethylene 

CH- 

— ch 2 

. - 35° 

Tetramethylene 

CH— 
1 ‘ 

-CH, 

1 

12° 

Pentamethylene 

ch 2 - 

ch 2 - 

• 

— ch 2 
-ch 2 

/CII, • 

50° 


’CH— -CH 2 

CH, — CII# 

# 

Hexamethylene 

/ 

CH, 

CH, , 

. ■ 81° 

• 

Heptamethylene 

CH, — ck 2 
(ch 2 ) 7 

. '117° 


According to Jones aijjl Wheeler 1 and Morgan and Soule , 2 members of the naphthene 
series are found in the products of low temperature distillation*; while Pictet and 
Bouvier 3 claim to have identified* naphthenes having ihe formulae C d H 18 , C 10 *H 20 * 
CnH 22 , C 12 H 24 , and C 13 H 26 . It should lie noted that no substances aje knowu 

• ( 

1 Jones and Wheeler “ The Composition of Coal.” Trc\s. n hm. aoc. # 1914 105, 140. 

* Morgan and Soule: “ Examination of Low Temperature Coal Tars.” Journ. Jnd. Eng . Chem., 
192°, 15, 693. * 

8 Pktet and Bouvier. Compt . rend., 1913, 157, 1430 ; T9 1 5, 16tf, 629 and 926. 

• • • 
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which'' Jontniu 'more i ban nine carbon atoms united in ring formation* the last- 
mentioned compounds therefore doubtless have side chains, e.g. : — 


C 10 H 2 i> = CH, 


CII 2 


^ch 2 


-CHj 

C'Hj- 


:CHCH 2 -CH|'CII< ; CH 3 


It is interesting to note that cyclohexane (hexa'methylenc) can be prepared by 
the 6 direct union of hydrogen with benzene in the presence of metallic nickel (the 
Sabatier and Senderens reaction) : — 


H 

/" C \ 

HC CH 


HC CH 
H 


+ 3H 2 


->■ 


/ C \" , 
H,C CH, 


H,C CH, 
\ / “ 
CH, 


« Many hydrocarbons derived from benzene — toluene, 
larly reduced : — 


for instance, can be simi- 


^ C \ CH = 

HC CH 


+ 31 L, ^ -> 


HC. CH 

\ll 


h 2 c 


h 2 c 


,ch-ch 9 

CH, 


*2 

I 

CH, 


CH, 


and u, this way derivatives of cyclohexane are obtained. 

Examination of thc^?mula3 of the members of this series of hydrocarbons shows 
that they are saturated substances ;*-the carbon atoms in their, molecules are singly 
linked to each other., In their properties they show a marked resemblance to the 
paraffins, and thfey may Consequently be callecl cyclophraffins ; they differ very 
’sharply from the straight cfyain olefines! Thus, unlike the latter, they do not form 
addition compounds °with rsulphuric acid and the halogen*. The hydrocarbons 
derived from cyclohexane are the commonest and best known members, of the 
cycloparaffin group. < 
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6. Cyclopentadienes 

The hydrocarbon cyclopentadiene, C 5 H 6 , may be regayled as deiived from 
cycbpentane by the loss of four atoms of hydrogen, thus 



This compound has been identified in high temperatuic. coal tar 1 and is said by 
Schiitz, Buschmann and Wissebach 2 P* be also a# product of low temperature dis- 
tillation. Other cyclodicnes are probably also present as, indeed, the above 
authors suggest. Cyclopentadiene, which is a liquid boiling at 41° C., is a very 
reactivJf hydrocarbon whose general chemical nature is olefinic ; it readily combines, 
for instance, with bromine. t 

7. Benzene Hydrocarbons 

The fbllowing table show's the hydrocarbons of the benzene scries w r hich are of 
'importance from the low, temperature distillation point of view 


Benzene C 6 H 6 

M. Pt. + 5-4° B. Pt. 80° 

Toluene C,H 6 -CH s . 


• • „ 1H° 

o-Xyleno CH 3 -C 6 H 4 -CH 3 


• • „ 142° 

m-Xylene „ „ 


. „ 139-9 

p-Xyiene ,, „ 


. „ 138° 

Mesitylene C 6 H 3 (CII 3 ) 3 . 


. „ 163° 

Pscudocumenc fJ# • 


. „ JJ39-8 : 

Durene C 6 H 2 (CH 3 ) 4 

/ ' 

. . „ 190° 


There'S considerable Controversy as to whether benzene, toluene and. the three 
xylenes arc formed during the low temperature distillation of c#al ; it seems 
probable that they occur in very small quantity in isolated specimens. 

Jones and Wheeler 3 identified only toluene, and that m traces. 4 Parr and Olin 6 
state that they have identified ail these five hydrocarbons., Parr and* Olin 6 
add that mesitylene is possibly also presen 

1 Her., 1S9I5, 29, 55 J. 

8 Schiitz, Busch lann and Wissebach. “Low Tcmperc/ure Coal Tar. and the Products of its 
Over heating.” Bcr., 1923, 56, 1091. 

a Jones and Wheeler. ‘tThc Composition of Coal” Trans. Qh m. o7>r., t 1914, 105. 140. * • 

4 Cf. Pictet and Bouvier. “ISur la Distillation do la Houill i sous Preston reduite.” Com ft. 

raid., 1913, 157, 779; Schiitz, Buschmann amt Wissebach. “Low Tcrnerature Coal Tar and the 
Products of its Over-heating.” Her., 1923, 53, 1091. • ,, 

5 l >arr an( l t)lin. / The Coking of Coal at Low Tempo *atui Bull. J9, Eng. Expt. 8ta.,Univ. 

of Illinois. « * • 

6 J^aiT and Olin, loe, cit. 


t ; while pseudocumene has been identified 

> 
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by Weissberger /ind Jtoehrle. 1 Th| authors last mentioned also identified* durene 
in a lot^ temperature r. 

Benzene (C 6 H 6 ) ij the simplest aromatic hydrocarbon ; in its molecu|p the 
carton atoms form a six-membered ring, and each has attached *to it a hydrogen 
atoim For a discussion of its structural formula the reader is ref?r^ed to^extbook 
q{ organic chemistry. Representing its formula by the conventional hSxagon, each • 
angle of which portrays a carbon^atom with one hydrogen atom attached to it, the 
formulas of the simplest mfembers of this group of hydrocarbons may be written 
as follows : — . % 



Benzene Toluene f 



Mesitylere ' Pseudocumene Durene 


Iik these formula; 0.he -CH 3 groups each take the place of one hydrogen atom in 
the benzene nucleus. i 

l 5 r - ei88 , ber g er and Moehrle. “ Low Temperature Tar Oil.” Brewstofichemie , 1923, 4, 81. 

• VVeiflaberger and Moehrle, loc. cxU 
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In chemical behaviour the benzene hydrocarbons are quite different from the 
other hydrocarbons we have already considered. The nf dear ring structure is 
very stable ana persists unchanged in the presence of powerful reagents. These- 
hydrocarbons are" readily nitrated by strong nitric acid, and with concentrate 1 or 
fuming suljihuric acid yield sulphonic acids— * 

C 6 H fl + HO-NO* ^H 2 0 + PA-NO, 

• • Nitrobenzene 

C 6 II 6 + H0'S0 2 -0H->H 2 0 + c 6 ii 5 ^o 2 oh 

% ' * Benzenesulphonic acid • 

The hydrogen atoms of the benzene nucleus can be displaced, one by one, in this 
way, au I monp-, di- and tri-derivatives are thus formed. Benzene is extremely 
difficult to oxidise ; it is slowly attacked by potassium permanganate yielding 
formic and ixalic acids. The homologues of benzene are, however, more easily 
oxidised, the side-chain being converted into a carboxyl-group, e.g. 

C 6 H 6 CH 3 + 30 ->C 6 II 6 COOII + H 2 0 

• Toluene Benzoic acid 

• 

Benzene and its homologues can. be partially or completely reduced ; in the latter 
case hexahydrobenzerfc (cyclohexane) or its derivatives result. 

Chlorine and bromine react with the benzene hydrocarbons in two ways. Benzene, 
for instance, when the reaction occurs in direct sunlight, yields the addition products 
C 6 H 6 C1 6 and C 6 H 6 Er 6 . In diffused light, however, and in the presence of a “ halogen 
% carrier ” (iodine or antimony trichloride), substitution products, such as C 6 II 5 C1, 
chlorobenzene, are obtained. Benzene and its homologues exhibit a number of 
other characteristic reactions which cannot be described here ; sufficient has been 
said to indicate the marked difference there ^s between them and the hydrocarbons 
already # 

In the section dealing with the naphthenes it was pointed out that fully saturated 
six carbon ring compounds could be obtained by the complete reduction of the 
benzene nucleus. Besides these fully saturated compounds number of intermediate 
reduction products may be formed ; thuj, from toluene, for exampl\ dihyd”o- and 


tetrahydro-desivatives can be obtained, e.g. 

• 

* 

• >h 3 

l 

A • 1 

| | ancf 

* 

h 2 0 / \ft c 
•j 1 t 

HA CH 

v* • 

. H 

^.C JI 2 • 
.ch 2 
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Substances of the first type, namely, dihydro-m-xylene (C 8 H 12 ), dihydrofcrimethyl- 
benzene (C 9 H 14 ), dihydropseudocumene (C 9 H 14 ) and diliydromesitylene (C 9 H 14 ), 
have been found in low temperature tar by Pictet and Bouvier. 1 * Again, Eerkard 3 
repfots that substances C 10 H 19 and C U H 20 are present ; these t p*ossibly contmn a 
tetrahydrobenzene nucleus. c 

< The chemical characteristics of the parent benzenes are considerably modified 4 
by the introduction of two or fovr hydrogen atoms ; they no longer behave lik/> 
the benzenes, nor are ,tlify fully saturated like the cyclohexanes previously men- 
tioned. ' ' 

8. Naphthalene Hydrocarbons 4 r 

The parent hydrocarbon of this group, naphthalene C 10 H 8 , may ’ be repi rented 
by the formula : — • 


H H 

HC^ C X \h 


H W« 


Naphthalene itself is a crystalline solid at ordinary temperatures (M. Pt. 
79 *6-79 *8° C. ; B. Pt. 218° C.) ; it is peculiar in its high volatility and its 
capacity for dissolving large quantities of air, when molten, which are given up 
on solidification. Several authors 3 , agree that, although the homologues of 
naphthalene are present, naphthalene \t self is ubsent from low tem pera ture tars. 
Weissberger and Moehrle, 4 however, claim that it is present. Naphthalene is 
formed by strongly heating a number of substances, and this has been given as 
the cause of its presence in ordinary coal tar. 

Th^ee homologues of naphthalene liave^eep discovered in low* temperature tars ; 
a-metl^lnaphthaiene apd /hmehhyl n aplit h a 1 ene were found by Figcher. 5 These 

substances may be represented ,by the following formula) : — 

* 

1 Pictet and Boufier. Com pt. hnd., ‘‘Stir le Goudron du vide,” 19^3, 157,1430; “ Sur lea 
% Hydrocarbures satures du/roudron du vide,” «1915, 160, 029. 

% 2 Fromm and Eclfard. “ Lig.iito Low Temperature Tafr.” Brr., iD23, 56, 948. 

, 3 Jones and Wkeeler. “ Thd Composition of Coal.” Trans. Chnn. Soc 1914, 105, 140 ; Parr and 

Olin. “ The Coking of Ofal at Low 4 Temperature, Bull. 79, Eng. Expt. Sta., Univ. of Illinois ; Fischer 
and Gluud. Brennstoffchem'c, 1922, 3,* 57. 

4 Weissberger and f Ioehrle. ' Low Temperature Tar Oils.” Brennstof)\hemie, 4, 81. 

6 CFischer, Schrader and Zerbe. “ On the absence of Napltthalerf) and the presence of Derivatives 
of Naphthalene in Tar obtained at a LowL'emperature.” Btr., 1922, 55, 57. t 
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cii 3 



The fiwt is an oil (Setting Pt. — 22° C. ; B. Ft. 241-242° C.) ; the second is a solid 
(M. Pt. 82° C. ; B. Pt. 241-242° C.). A third derivative of naphthalene, 1 : 6- 
dimethylnajhthalcnc, was reported by Wcissberger and Moehrle. 1 It is an oil with 
a faint odour (B. Pt. 205° C.), and its formula may be written as : — 



The chemical characteristics of tic naphthalene group are very^imilar to those of 
the benzenes, but a larger number of derivatives k possible ; thus, for example, 
two nioniM Mfr d ff ntpd methylnaphthaleneB are cited above, whereas in the benzene 
series there is only one monomcthyl-dcrivativtf, viz. toluene. The; side-chains of 
the naphthalene homologues, like those of the benzene series, are easily oxidised 
to fogm acids. * 

Wcissberger and Moehrle 2 have di^overeef a fully reduced ju*phthale*e,,deca- • 
hydronaphtI?alene (C 10 T1 1S ), in low temperature % tar. It is a liquid boiling st; 187° C. 
Its chemical properties resemble those of. the poly met il^ncs., This substance can 
be prepared syrAV'ttcally from naphthalene by reduction by means of hydrogen in 
presence of nickel. 3 

• « V 

1 Wcissberger and Moehrle. “ Low Tcnperaturo Tar Oils.* ftrennsk jehmi 1023 , 4 , 81 ; also ' 
see Morgan and Soule, A ‘ Examination of Low Temperature Cnl Tais.” Journ. Ind. Eng. Chun., 

1 023 , 15, 003 . A • • 

-•Weissberger and Moehrle. “ Low Temperature Tat, Oils.” Brennstofjche.mie , 1923, 4 , 81 . 
3f Leronx. “ Tetrahydrure ct Decahydrure de Najplua’iiie.” * Com jit. rend., 1^0 \, 139, 072. 
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H H 

h 2 h 2 

s c \ y c % 

HCT C CH 

H 2 C x C* x CHc- 

| II • | + 5H 2 

1 1 l 

H W H * 

'W 

H "H 

Hi H, 


9. Other Hyprocarjons 


Anthracene (C 14 H 10 ) was discovered in ordinary coal tar by Fritzsche in 1857, 
but was definitely stated to be absent from low temperature tar by Parr and Olin. 1 
It may be represented by the formula : — 


][ H H 





It is a solid (M. Pt. 216° C. ; B. Pk. 351° C.) 5 and is very similar to naphthalene in 
its chemical properties. Like the latter substance, it is formed pyrogenetically from 
a large number of substances, such as toluene, benzene, turpentine, oil, etc. , 

A^enaphthef^C 12 H 10 ) occurs in 4 t>rdinai*> coal tar in appreciate quantities, and 
was first 1 found there by Berthelot in 1867. 2 It does not appear to have been 
detected in low temperature tar/ but tfie fully reduced substance, perhydroace- 
naphthene, has been found by Weissbrrger and Moehrle, 3 the* boiling-point of the 
latter substance being 235° C. ^ The formation of perhydroacenaphthalene from 

acenaphthalene may be represented by the equation : — 0 

, * r 

1 Parr and Olin. “ l^ie Coking ( pf Opal at Low Temperature.” Bulletin^ 7, Eng. Exp. Sta., Univ. 

of Hlinoi8. v» 9 

* Berthelot, E. /. Chemie , 1867, 714. * r 

* Weissbergnr*and Moehrle. V. Low J’dJnperature Tar Oils.” Brennttoff chemie, 1923, 4 , 81/ 
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CH a CII 2 


Hi 

-C 


+ 6H. 




h 2 c 


h 2 

c- 

I • .1 


•*H.C 


c 

p' »H p 

• & h 2 




ch 2 
ch 2 


Dottecahydrodiphenyl fias also been found by Wcissberger and Moehrle. It is 
a liquid boiling at 235° C. Synthetically it can be prepared by the reduction of 
diphenyl by the Sabatier and Senderens reaction : — 


H 

,C- 


H 

-A 


/ \ 


/ • \ 

• 

H.C CH, H.,C C 




+*6H a -> | | | | 

\ / 

• 

• 

k 

H 2 C x y CH 2 IIC^ x C 


C 

H„ 


C 


Fluorene, C,,H lf , or 


C.H,— 

G. t 


-cjl 

y * 


cur 


, has been discovered in ordinary coal tar, 


and is separated by means of iis potassTum salt (A.G. fur Teer- und Erdol- 
Industrie, lXjffrT 124,150)? It has not been found in low temperature tar. The 
parent substance is a colourless crystalline solid (M. Pfc. 115°; B*Pt. 295° C.). 
Perhydrofluorene, the fully reduced compound, has been found in low temperature 
tar by •Wcissberger and Moehrle ; it is a liquid Jboiling at 25b ^8° C. 

Styrolene £C 8 II 8 ) has not been stated to be present in low tempera tar/ but 
is found in ordinary coal tar. Like other unsaturated anflsUnces Btyrolene forms 
additive compounds with the halogens, etc*. : — 


i — CH : 9E 2 


+Br* 


,CH Br.CHJBr. 
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It is a liquid (B. Pt. 145-140° C.) which polymerises on standing to form meta- 
styrolene. 

'' ^ Indene (C 9 II 8 ) itsett has not been found in low temperature tar, but the presence 
« of sinologues is claimed by Wcissberger and Moehrle. 1 The structure of .this 
hydrocarbon may be represented as : — 

CH 

CII 

CHo 

It is a liquid (Setting Pt. — 2° C. ; B. Tt. ISf 1 *3° C.), and was discovered in 
ordinary coal tar by Kramer and Spilker. 2 It polymerises easily and exhibits the 
characteristic properties of an un saturated compound. 

B. COMPOUNDS CONTAINING OXYGEN 

Water is always present in the products formed during the distillation of coals 
which contain varying amounts of water held mechanically ; this, however, does 
not constitute the only source of the we ter produced ; it is also formed by the 
chemical reactions taking place in the retort. 

The chief oxygen-containing compounds with which we have to deal are the 
alcohols, aldehydes, ketones and acids. 



ALCOHOLS 


Three possible typos of alcohols must be considered : — 

(a) Primary alcol- '"is,*^hich have a hydroxvl-group directly attached 1o a carbon 

* • » jj 

atom which itself is attached to two hydrogen atoms, i.e. R— Cc™OiI * This type 

•r • X II 


of alcohol is unimportant from the present point of view. Qi^ oxidation it yields 


‘either an aldchy<5e ' or an ac ^ |r~ 11 


according to the 


extent to which oxidation piocgeds. 


1 Weiasberger and Moehrle, Brcnnstoffchnaic , JC23,v4, 81. 

2 Kramer ai*d Spilktv-, Btr., 1890, 23, 3270 ; 1909, 42, 573. 
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(b) Secondary alcohols, in which the hydroxyl-group is attached to a carbon 

R^ v oft • Few examplee 


atom, possessing only one hydrogen atom, i.e. 


secohdary^lcohols^ppear to have been isolated from low temperature tar ; possible 
exception^ije tJo menthol-like compounds noted by Pictet and Bouvier, and the 
hydrogenated cresol by Pictet, Kaiser and Laboiipherc.. On oxidation, secondaj^ 
alcohols yield ketones « • ' 


2^CC 


5 H + ^ 2 R> ; ° +aH *° 


(c) lertiary alcohols, in which the hydroxyl-group is attached to a carbon atom 
having no hydrogen atom. Oxidation of this class of alcohol cannot be brought 
about without rupture of the molecule. This is the most important type of 
alcohol in coal tar chemistry, if we regard phenol and the crcsols as belonging 
to it. 

It should be noted tha^the hydroxyl-group, when directly attached to an aromatic 
nucleus, such as benzene ar naphthalene, displays acidic properties ; thus a sodium 
salt is formed by interaction df phenol with sodium hydroxide. This property 
is made use of in the separation of the carbolic oils ; they arc obtained by the 
extraction of a fraction (more or less restricted in range of distillation) by means 
of sodium hydroxide solution. The sodium compounds, being soluble in water? 
pass into the aqueous # layer and can be recovered by the addition of acid. 

1 The separation of phenol from cresol is based on the stronger acidity of the 
former. . 

The following phenolic substances have been found in low temperature tar 


Substance. • 

' m. rt. b. i’t. 

+&fno\ . • . 

. ,43° C. 181° C. 

o-Crcsol . 

. 30" C. 188° C. 

w-Crcsol . 

4° C. 200° C. 

p- Cresol . 

.. . . 3G° (!. ’'SSJ? C. 

1:2: 4-Xylenol 

. f,5° 0. 225* 0. 

Ihimethylphenols 

• 

• 

Tetramethylphenols . 

> • 

. . ft 

Pentimethyl phenol . 

•- « • 

Catechol . • . 

. V 104° C« C 


• • • 

Chemically these phenolic substances *are very similar; throughout the series 

the hydroxyl-group exhibits acidity, this property •beijig m<*lili« j d in degree by the 
influence of the methyl groups.. The above substances may b? represented j^y the 

fofmuVo: — 
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r 

CH, 

CH, 

CH, 

• CH, 

A.. 

A. 

A 

A 

f 

.A, 

C 

V 

V . 

\/ 0H 

\/ 

f 

«' s 

V 


/ 

m-Cresol 

OH 

OH 

<Phenol 

o-Cresol , 

p-Cresol 

1:2: 4-Xylenol 


OH 

OH 

CHjj/^jCH, 

. Aoh 

ch 3 I n ^ / Jcii 3 


CH, 

i ' 

Pentamethylphenol 

1 Catechol 


Phenol (C 6 H 5 OH) occurs in ordinary coal tar, but its presence in low temperature 
*tar is much disputed. Pictet and Bouvier 1 support the view that it is not a product 
of low temperature distillation, but they state that they found it in similar tars 
which had stood for five years. Fischer 2 states that phenol is not always present ; 
but Morgan and Soule 3 claim to have found it in tar from carbocoal. 

The latter atHiors found the creeds in the same material, and Jones and 
Wheeler 4 claim that cresols are present in low temperature tars ; Pictet and 
Bouvier 1 detected them in tar that had stood rnr five years. CJ midland Breuer 6 
have also fomid cresols. 

Xylenols (C 8 H 10 O) have been found by various authors. 6 Pictet and Bouvier 6 
isolated 1:2: 4-xylei)p 1 ^rom tar that had stood for five years. 

Trimethylrh: Ais (C 9 II 12 0) have beer identified in low temperature tar by 
Gluud ad* Breuer, 6 Pic,tet, Kaiser and Labouchere, 6 and Eckard. 6 t 

The presence of tetraethyl and pentamethyl phenols is also claimed by Pictet, 
Kaiser and Labouchere/ .. 

ai 1 Pictet and Bouvier. Compt. rend., 1913^157, 779. 

* Fischer. Oes. Ath. zur KenMnis dcr Kohle, 1918, 3, 8t7 ; Brennsh flehemie, 1920, 1, 31, 47. 

* Morgan and Srule. “ Stuaies in the Carbonisation of Coal." Chem. Met. Eng., 1922, 26, 926. 

4 Jones and Wheeled “ The Composition of Coal." Trans. Chem. Soc., 1914, 105, 140. 

6 Gluud and Breuer. Ces. Ahh. zu- Kenntnis der kohle, 1918, 2, 236. 

* Morgan and ( Soule Joe. cit. ; jr’ronim and Eckard. “ Lignite Low Temperature Tar." Ber., 1923, 
56, 948 ; Gluud and Breuer, loc. cit. ; Jones and Wheeler, Iooj cit. Pictet, Kaiser and Labouchere. 
Compt. rend., 191,7, 105, 113 ; Pictet and Bouvier, loc.cit. 
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Gluud and Breuer 1 have reported that catechol (o-dihydroxy-ben«ene) is present 
in low temperature tar. 

Besides the true phenolic substances a hydrogenated cresolp he^ahydro-p-cresol 
has been found by^ictet, Kaiser and Labouchere. 2 By inspection of its structural 
formula — \ • • 

ch 3 v 

• /C4J * 

II 2 C ch 2 • 

I I 

Il 2 C x cr 2 

• Son 

it will be seen that this substance is a secondary alcohol of the cyclohexane series. 
As such its nature is more that of an aliphatic alcohol than of a phenol. The sub- 
stance is a liquid boiling ub 174° C. 


ALDEHYDES 

/H 

An aldehyde may be represented by the general formula R— where 

R may be a simple chain radicle or a radicle of the benzene type. In the former 
^case the aldehydic group displays great chemical activity. Thus, for instance, 

acetaldehyde [CHrC^ is readily, oxidised in the air to form acetic acid 


( CH~C^° cailBes > by reaction, the separation of metallic silver from 

ammoniacal solution of silver salts, and it furtBer forms a nurnbes uf additive 
compounds. 

In the presence^of small quantities of acids or of certaiTiVlts. acot'ldehyde is 
converted into a polymeride, paraldOhydb (C 2 II 4 0^. Acetaldehyde k^vl^has not 
been found inflow temperature tar; but paraldehyde has been claimed’ to be 
present by Sehutz. 3 • ^ o 

Paraldehyde is » Colourless liquid at ordinary ^mperatures^ (M. Pt. 12-6° 0. ; 
B. Pt. 124° C.). It does not exhibit the reactivity of acetaj^hyde. When dis- 
# tilled with sulphuric acid? acetaldehyde is generated. # 

1 Gluud and Breuer. Qes. Abh. zur Ktnntnia dcr KoUe, 1918^2, 236. ' 

* Morgan and Soule, lofr cit. ; Fromm and ftckard. “ Lignite Lgw Temperaturo Tar.” Btr. 1923, 
56 , 948; Gluud and BrcuAr, loc. cit.; Jones and Whoolor, loci' cit. ; Piotet, J£aise%and LaboucWre. 
Les Alcools et lea Bases du Goudrofc du vMe. Compt. rend., 1 917, 165, 113 ; Piotet and Bouvier, Ift. cit, 
** S<4iutz. Brennstoffchemie , 1923, 4 , 84. 4 * 
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KETONES 

/ The general formula of ketones may be written asp^C=0 It will be 

seen that they bear a close relationship to aldehydes, the hydrogen a f om in the 
latter being replaced in ketones by a radicle such as — CH 3 , — C 2 H 5 ©r — CjH^. 
f To some extent the properties a* the ketones resemble those of the aldehydes ; but 
the former are not so easily oxidised, and consequently, in some directions, they 
are less reactive ; thub they are not capable of reducing alkaline silver salt solutions. 

Acetone (CH 3 *CO*CH 3 ) *3 the simplest ketone, and was obtained from ordinary 
coal tar by Housler 1 ; while methyl ethylketone (CH 3 -CO-C 2 H 5 ) was fo^pd in the 
same material by Schulze. 2 Both substances have bec'n found in low temperature 
tar, the first by Broche, 3 and the second by Schiitz, Buschmann and Wissebach. 4 

ACIDS 

Although acetic acid (CH 3 -COOH) and benzoic acid (C 6 H 5 *COOH) have been 
identified in ordinary coal tar, no reference to these or ether organic acids is mad° 
in the literature of low temperature carbonisation. 

C. COMPOUNDS CONTAINING SULPHUR 
,, So far as the literature shows, the sulphur-containing compounds in the low 
temperature distillation products form no definite group or series ; brief reference 
is made below to the few individual substances which h£ve been noted. 

Hydrogen Sulphide (H 2 S). Burgess and Wheeler 5 note the occurrence of this gas. 

Carbon Disulphide (CS 2 ). Jones and Wheehr 6 state that this does not occur in 
low temperature gas ; but Schiitz, JBuschmann and Wissebach 7 claim to have 
found traces. * 

Methyl Mercaptan (CH 3 -SH) and Dimethyl Sulphide (CH 3 ) 2 S. Both these 
substances liave been noted by Schiitz, Buschmann and Wissebach 8 as products 
of low temperature Jint illation. The former, the first member of the group of 
thioalcohols (e-ge’cticohols in which sulphur takes the place of bxygen), is an evil- 

1 busier. Ber., 1895^28, 488. 

2 Schulze. Ber., 1887, $1,411. . 

3 Low Temperature Tat obtained from the Zeche F first Hardenberg Coal, and in particular, the 

content of Benzene, Phenol and Acetone. L\r., 1923, 56, 1787-91. ' 

4 Schiitz, Buschrfiann and Wissebach. “ Low Temperature Coal Tar and the Products of its 

Over-heating.” Ber., J9?3, 56, 1(191. r Qt 

5 Burgess and Wheeler. \ The Volatile (Constituents of Coal.” Trans. (Jhcm. Sot., 1915, 107 , * 
‘1916, and subsequent papers. 

4 Jones and WheelG. “Composition of Coal.” Tra ns. Chem. Soc. t 1914, 105 . 140. 

7 Schiitz, Buschmann*'and WisseTach. “ Low Temperature Coal and the Products of its 
Over-heating.” Btr., 1$23, 56, 1091. 

^Schiitz, Buschmann and WissebarJ), lot. tit. 
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smelling liquid, lighter than water, which boils at the low temperature of + 6° C. 
The mercaptans are characterised by the formation of metallic derivatives, in 
which the metal takes the place of hydrogen. Thus ethyl mercaptan, or mercap.^A 
aB it is commonlj called (C 2 H 5 -SH) ghcs sodium mercaptide (C 2 H 5 *8Na) and 
mercury Ikercaptide (C 2 H 6 S) 2 Hg. A tolyl mercaptan (CH 3 *C 6 H 4 *SH) has been 
'identified in low temperature tar by Schutz. 1 * 

In the thioethers, of which dimethyl sulphide^ is the first member, sulphur tykes 
the place of oxygen in common ethers, e.g. ethyl ether ^0 2 H 5 ) 2 0, diethyl Bulphide 
(C 2 II 6 ) 2 S. 

The thioethers forifi derivatives with certain metallic salts by direct addition 
(e.g. (0 2 H 5 ) 2 S-HgCl 2 ), are somewhat readily oxidised and unite directly with the 
halogens the-tendency of the sulphur atom to pass from the di- to the tetra-valent 
state is the keynote to their chemical behaviour. Dimethyl-sulphide ie a liquid 
(B. Pt. 37° C.) having an unpleasant and, at the same time, ether-like smell. 

Thiophene. C 4 II 4 S occurs in high temperature tars ; its presence in low 
temperature tars is, however, problematical. 2 The substance is a colourless liquid 
,with a faint smell resembling that of benzene, and boils at nearly the same tem- 
perature (84° C.) as the latter. Its structural formula is— 

HC — CII 

! « 

HC CH 

\/ 

S 

and, since the ring-structure is not composed exclusively of carbon atoms, it is 
known as a heterocyclic compounds When a minute quantity of jhiophene is mixed 
with a few ccs. of strong sulphuric acid containing a crystal of isatin in solution, 
a deep blua f ' ,, ' 1 "'Ation is developed ; the colour is due to the formation of indo- 
phenine, and the reaction is utilised as a delicate test for thiophene* In chemical 
behaviour thiophene does not in the least resemble the thioethers (vide supra ) ; 
towards reagents juch as sulphuric and nitric acids it beha: v s in a simihr way to 
benzene and its derivatives. 

• 

D. COMPOUNDS CONTAINING CmOPINE 

These can be dismissed by the brief statement that hydrochloric acid (IIC1) 
and ammonium ehloridq (NIl 4 Cty have been identified as products of low tem- 
perature distillation by Jones and Wheeler. 3 

1 Schutz. “Low Temperature Tar.” Bcr. y 1923, 56, 161. 

3 See Morgan and Soule. Cheat. and Met. Eng., 1 022, 26, 977. 

o ^ones and Wheeler. “ The Composition of Coal.” ijfans. Cli^m. Soc., 1914, 105, 140. * 
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E. COMPOUNDS CONTAINING NITROGEN 
So far as low temperature tars are concerned, the nitrogenous substances which 
if* ve so far been? identified are, with one exception, basic in, character. The 
exception is methyl cyanide (CH 3 CN), which was identified by 8chutz, Buschihann 
and Wissebach. 1 Methyl cyanide, or acetonitrile, as it is more compionly called,, 
h a colourless combustible liquid (B. Pt. 82° C.). On heating with rftids or alkalis 
it h hydrolysed, yielding ultimately acetic acid. * 

CIIg-CN + 2H 2 0 -> QHg-COOH + NH S . 
lender appropriate conditions it is reduced by hydrogen to ethylamine : — 
CH S CN + 2F, CH 3 -CH 2 -NH g . 

Of the basic nitrogenous substances ammonia is the simplest ; ,many authors, 
e.g. Burgess and Wheeler, 2 refer to its occurrence. Its nature and properties are 
so well known that a description of them here is unnecessary. ,The principal 
nitrogenous bases in low temperature tars to which reference is made in the literature 
are shown below : — 


CH 



N 


N 

Pyridine 

v e B. Pt. 

Pyridine C 5 H 5 N . . .. .(M.Pt-42°) 115-5° 

Picoline C 6 H 4 N(0H 3 ) . . . a! isomer * ^JL29° 

„ „ . , /3-isomer 1 144-147° 

„ ,, ... y-isomer 142 -5-144-5° 

Ethylpyridine (LH 4 N(C 2 H 5 ) . . a-isomer 148-5° 

Collidine (1 : 3 To trimethyl^yridine) C 5 H 2 N(CH 8 ) 3 * 172° ' 

Hyd nc quinoline. r * ’ \ 

Methylhydroquirtoline. 

Ethylhydrcquinokiie. 

Isohydroquinoline. */ ' • 

Toluidines . . o-isomer 199-7° 

„ ' ,, ' . . wi-isomer ' 203-3° 


yy » yy # # trv iowuivi v 

» „ * „ . < ^-isomer (M. Pt. 45°) 200-2° 

1 Schiitz, Buschmann *ind Wfisetach. “ Low Temperature Coal T^r and the Product* of its 
Over-heating.” Ber., lfl£3, 66, 10Sl. 

a Burgees ana Wheeler. “The Volatile Constituent* of Coal” Trans. Chem. Soc., 1916, 107 , 
1916, aid later papers. , < ( 
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Pyridine. Jones and Wheeler 1 found pyridine bases in low temperature tars in 
traces only ; while Morgan and Soule 2 (see also Eckard 3 ) identified pyridine in tty\ 
tar from carbocoal. Pyridine is a colourless liquid with a*peeuliar smell ; it r& 
freely miscible wbih water, and the solution is strongly alkaline. The substance is 
remarkable for "its indifference to chemical reagents. It is a tertiary base and 
forms salts with acids (e.g. pyridine hydrochloricje, C 6 rf 6 N 3 HCl), which are usually 
joluble in water. * / 

Picolines. The three isomeric methylpyridines are knc wn as picolines ; their 
formula are as follows : — 

' CH a 



N *. r N N 


a-picoline /3-picoline y-picoline 


The picolines are liquids very similar in character to pyridine ; their occurrence 
has been noted by Morgan and Soule 2 and Eckard. 3 The three isomeric ethylpyridines 
are also known, and again are similar in behaviour to pyridine ; the occurrence of 
these substances is recorded by Morgan and Soule. 2 

1-3-5 Collidine. For the occurrence of this substance, see Gollmer. 4 Its 
formula is: — • ptr 



N • 


Pictet, Kaiser and Labouchere 5 note the presence of aSiy droqui noline and of an 
isohydroquinoline ; while methyl- and ethyl-nydro^uinoline have been identified in 
low temperature tars b^ Morgan^and Soule. 2 


1 Jones and Wheeler. “The Compositiqp of Coal.” Trans.. ^hem. Sot 1914, 105, 140. 

a Morgan and Soule. C hem. and Met. Eng., 1922, 26, 9ft>. 

3 Fromm and Eckard. “ Lignite Low Temperature Tar.” Ber., 1923, 16, 94»S. 

4 Gollmer. “ Basic Compounds in Low Temperature Coal Tar.” Brennstoflckcmie, 192^ 4, 19. 

0 “Tctet, v £aiser end Labouchere. Compt. rend., 197,1^5, 113! ^ 
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Toluidines. The formulae of the three isomeric 

toluidines, which are methyl 

anilines, are as follows : — 


, 0 

cn 3 

ch 3 

CH, 

a™, 

A 

/\. 

<r ! 

\A ' 

\y NH ' 

V 



nh 2 

o-toluidine 

m-toluidinc 

l > -toluidine 


Pictet, Kaiser and Labouchere 1 record the presence of primary bas^s, apparently 
toluidines, in low temperature tars. The toluidines are the homologues of aniline 
(C 8 H 6 NH 2 ), which they greatly resemble in all their chemical properties. They 
are basic, neutralising acids and forming salts which are frequently soluble in water ( 
(e.g. toluidine hydrochloride, CH 3 -C 6 H 4 NH 2 ,HC1). Their reactions are numerous 
and important. 

To complete the account of the nitrogenous basic substances it should be added 
that Pictet and Bouvier 2 have stated that secondary bases (e.g. of the type ? ^NH) 
were present in tars which they examined. 

1 Pictet, Kaiser and Labouchere. Compt. rend., 1917. 166, 113. 

2 Pictet and Bouvjer. Compt. rend., 1913, 157, 779 ; also J. J. Morgan and R. P. Soule. “ Exami- 
nation of Low Temperature Coal Tars.” Ind. Eng. Chem,, 1923, 15, 587-91. 



CHAPTER VII 


THE EFFECT OF HEAT UPON COAL* 

INTRODUCTORY # 

Much experimental work has been undertaken to determine the effects of heat 
upon coal," not <5nly with a view to obtaining or deducing information upon the 
constituents n coal, but also as a guide to the commercial carbonisation of coal 
p,t various temperatures. It is desired in this^chapter to consider the effect of 
heat on coal from the latter standpoint. 

The three principal products obtained by loV temperature processes of car- 
bonisation are coke, oils and gas, and the conditions must be fixed so that the 
quality and quantity of the yield are optimum, with particular reference to their 
total commercial value. It has already been indicated that, by increasing the 
temperature of carbonisation, the hardness of the coke and the yield of gas are 
in general improved, but that the quality of the gaseous products and the quantity 
of the oil are decreased. For low temperature processes a compromise must there- 
fore be effected in fixing the temperature of carbonisation. This must be high 
’enough to leave only sufficient residue of volatile matter in the coke to ensure its 
ease in kindling and free-burnn*g properties and, at the same time, not so low as 
to invalidate the strength of the solid residue. The temperature must not be so 
high as to reduce the rich quality of the gas or the optimum of the oil yield. The 
particular problems to be discussed in this chapter are therefore 

A. The most suitable temperature of carbonisation for low tem- 
perature processes. 

B. The time required for carbonisation. 

C. The amount of tieat required for carbonisatr a. 

A. THE temperature of carbonisation for low 

TEMPERATURE PROCESSES 

SOM® RESULTS OF EXPERIMENTAL RESEARCH 

Coal is a v ery compleA substance, and the products of decomposition vary 
considerably when it is heated to different temperatures. As the composition of 
coal also varies oveja wide range, it is Impossible to .make eOund generalisations 
of the yield at an 1 ? temperature which would be applicable to ajl types of coal. The 
following results of experimental investigations in th# laboratory on carbonaceous 
materials at various temperatures, but iqpre especially the lower Jtemperatures, wdl, 
however, first be ePr^idered. 

Bernstein m 190b 1 published the results of researches on # the # low temperature 

4 SornBt^m, E. “ Decomposition of Solid Fuels at giadually increasing temperatures/* Joum. /. 
OasbelwcV: mg, 49, 627-30, 648-62, 667-71. • % 

87 * 
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distillation of \yood, peat an( ^ lignite. The ultimate analysis of each material is 
given in Table XIV, and the composition of gas evolved at various temperatures 
is given in Table, X,V. 

' TABLE XIV 


Ultimate Analysis of Wood, Peat, and Lignite , 
in Bop.nstein’s Experiments 



# Wood. 

Pe%t. 

Lignite. 

Carbon / 

, 48*75 • 

43-76 

63*44 

Hydrogen . « . f 

• 6*48 

4-16 

5*05 

Oxygen 

40* r7 5 

24*57 

21*70 

Nitrogen 

0-63 

2-30 ' 

0*83 

Sulphur 

0*08 

0*24 

0*45 

Ash . , 

0-10 

# 7*94 

6*22 

Moisture 

3*21 

17*03 

1-81 


TABLE XV 


Gases Evolved from Wood Peat and Lignite (Bornstein) 



250°C.— 300°C. 

300 

C. — 350° C. 

350° C. — 400® C. 

o 

o 

S C. — 460° C. 

Lignite. 

Wood. 

Peat. 

Lignite. 

Wood. 

Peat. 

Lignite. 

Wood. 

Peat. 

Lignite. 

Carbon Dioxide . 

91*4 

53*5 

89-2 

90*9 

55*0 

63*8 

69*6 

28*0 

55*4 

*7*8 

Carbon Monoxide . 

6*4 

27*7 

10*1 

7*6 

32*6 

7*2 

15-8 

29*0 

12*3 

15-1 

Methane 

1*1 

14*9 

— 

— 

r 7*9 

25*5 

3*2 

20*6 

25*4 

21-2 

Olefines 

V/ 

0*2 

0*3 

1*0 

1*5 

0*4 

2*5 

5*0 

3*7 

3*9 

Hydrogen 

0*3 

3*7 

0*3 

0*5 

♦ 3*0 

3*1 

8;8 

17-3 

3*1 

11-9 

Sulphur compounds 

. — 

— 

— 

0*7 

— 

' — 

0*5 



0*4 


Bornstein also carbonised eight samples of coal at a temperature of <150° C. 
The proportion <?f the productp varied Considerably^ but the following may be 
quoted : — ' * 

Ultimate Analysis of Moisture-free and Ashfree Coal 
c, h. t o. N. s’ 

85*09, 4/82 • 7*95 ,1*08 , 1*06 


1 i 

t t 

< Percentage Composition of Gases^ 
Carbon Dioxide ^ < Cal bon* Monoxide. Methane. Ethane. 

3*8 ' 3*8 54*0 « 15*2 


Olefines. 

5*6 


Hydrogen. 

J7-3 
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Unfortunately the quantity of the gases distilled from the substances investigated 
by Bornstein is not given. 

A further contribution to this subject has also been made # by* Porter and Ovitz. 1 
Tell grammes of aon-coking coal (Illinois) and of coking coal (Pennsylvania) were 
progressively heated in an atmosphere of nitrogen to temperatures varying from 
390° C. to 1026° C., and the gases given off were measured and analysed. The 
ultimate analysis of the coals on a moisture-tee basis are given in Table jXVI, 
and particulars of the gases evolved ape given in Tables XVII and XVIII. The 
volumes of the gases evolved from the ten grarrums of coal at the various tem- 
peratures are given in Tables XIX and XX and are shown in Figs. 4 and 5, 

TABLE XVI 

Ujjtmate Analysis of Illinois and Pennsylvania Coals 
(Porter and Ovitz) 


Carbon 

Illinois. 

67-87 

Pennsylvania. 

78-00 

Hydrogen .. 

r>-44 

5-24 

Oxygen . • 

19-47 

7-47 

Nr’trogtfn 

1-34 

1-23 

Sulphur 

0-46 

0-95 

Ash .... 

5-42 

7*11 


TABLE XVII 

Gases Evolved from Illinois Coal 
(Porter and Ovitz) 


Temperature of fprnace 
°C. . 



* 





► 500° 

600° 

700° 

800° 

900° 

1000° 

1100° 

Highest temperature 



• 





reached in coal °C. 

390° 

480° 

585° 

685° 

811° 

920° 

1026° 

Volume of gas gvolved 








c.c. (from 10 grammes 

& 197 

.. 

* 


t 



of coal) r - 

535 

980 

1550 

2335 

2700 

3120 

Analysis (calculated L 



•• 





nitrogen free) : — j 

CO,. . * . 

23-8 

7-6 

6-4 - 

3-9 

§•5 

2-7 

1-8 

Illuminants . . r 

6-5# 

5-0 

4-1* 

<6-3 

«- 8-2 

3-7 

4-0 

CO ... 

16-5 

16 1 % 

21-1 

lo-9 

• 15-2 

15*1 

16J 

CH 4 , C 2 II,, etc. . . . 
H. . . . ' . 

49-5 J 
3-7 

55-0 

16-3 

41-5 
20-9 •* 

>34-4 • 
41-5 

*27-8 

1 

23-1 

55-4 

19-4 

58-7 


1 Barter aipl Ovitz. u The Volatile Matter of Coal.” Bulkfjn I, UjS. A. Bureau of J^ines, 19lb, 1-56. 
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TABLE XVIII 


Gases Evolved from Pennsylvania Coal (Porter and Ovitz) 


k 5 

Temperature of furnace 
°C 

500° 

600° 

700° 

00 

0 

0 

0 

• j 

900° • 

1000° 

« 

1 1100° 

Highest temperature 

reached in coal °C. 

390°* 

474° 

589° 

705° 

0 

01 

r— < 

OO 

f 

■ 922 0 

t— » 

O 

O 

O 

Voluvne of gas evolved 
c.c. (from 10 grammes 
of Coal) . . . 1 

1* 

, wi ; 

< 

718 

< 

1220 

1723 

,2080 ! 

2900 

3530 

Analysis (calculated 
nitrogen free) : — 

CO, . 

15-9 

4-2 

3-2 

2-0 

M 

€ 

' 1*2 

’ 1-0 

Illuminants . 

9-1 

71 

4-3 - 

4-5 

4*8 

4-6 

5*2 

CO ... 

7-8 

6-0 

6-3 

7*2 

7-4 

'6*4 

7*3 

CH 4 , C 2 H 6 , etc. . 

63-3 

! 04 -4 

55-8 

47*0 

33*2 

29*0 

26*3 

H, • • • • 

3d) 

18-3 

30-4 

39*3 

53*5 

58*8, 

60-2 


TABLE XIX »■ * 

I 

Volumes of Gases Evolved from Illinois Coal. in oc. per 
Ten Grammes 


Temperature e C. 

390° 

480° 

585° 

080° 

811° 

930° 

1026° 

CO, . . . 

47*0 

40*7 

02-7 

60*5 

' 58*4 

72*9 

56*2 

Illuminants . 

12*7 

20*8 

40*2 

51*1 

74*7 

99*9 

124*8 

CO . . T „ 

32*5 

86*1 

206*8 

« 262*0 

354*9 

407*7 

502*3 

CH 4 , C 2 H 6 , etc. 

| 97*5 

294*2 

,406*7 

533*2 

649*1 

623*7 

605*3 

H, • • • 

7*3 

87*2 

263*6 

• 643*2 

1197*9* 

1495-8 

1821*4 

• 

i 197*0 

i 535*0 

980*0 

1 1550*0 

2335*0 

2700*0 

3120*0 


TABLE , XX * ♦ 

Volumes of Gasi$s Evolved from Pennsylvania Co^l c.c. ter 

. Ten Grammes 


JL 


Temperature C C. ( 

j 390 ' 

474 ° 

‘ 589° 

705° 

812* * 

922° 

1010° 

CO, . 


1 30-1 

39*0 

••34-5 

* 22*9 

34-8 

35*3 

illuminants . \ 

( 14*6 

51*0 

62-5 

77*5 

99*8 

133*4 

183*6 

CO ... 

J2-6 

; 4§-o 

76*9 # 

124*1 

153-9 

185*6 

257*7 

C1I 4 , C,II„ etc., . 

c 102*0 

462-4 

680*7 

8Q9-8 

690*6 

841*0 

928*4 

H* , 

6*2, 

; 

370*9 

677*1 j 

1112*8 

17(^2 ; 

?125*0 

■ . * « 
. ' 1 

161*0 

718-0 

1220*0 

1723-f) 

, 2080-0 | 

| .29(70-0 ' 
w 

35k-<i 


* * 
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An examination of the products of carbonisation at 600° C. fr®m typical coals 
in the low temperature assay apparatus described on page 60 has been made by 
Gray' and King. In this method a 15-gramme sample contifined in a glass tube 
was*inserted to thfl full extent in the furnace at a temperature of 300° C. The 
temperature waS then slowly raised to 600° C. during one hour, after which 
it was maiiijfcained at this level for a further period of one hour. As a 



small quantity of air is contained in the tube bc*fore the experiment commences, 
the gas samples am a small extent contaminated with air.^ The investigators 
point out that — 


“ This explains the presence of oxygen, the high nitrogen figures, ank 
probably accountyfor a portion 9 of the carbon v diox*d», as oxygen is freely 
absorbed by coal at temperatures much below the point of decomposition. This 
• al^orptiyi of oxygen makes it impossible to ^rive $t the exact composition of 



Volume of Gas in c.c. evolved from 10 Grams of Coal. 
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the gas from the coal by deduction of the volume of air foundry calculation, 
and the results are therefore reported in the form obtained from the analyses. . . .” 

The authors go on to state that — ♦ € 

“ The analyses were carried out over mercury in a Boue and Wheeler 
apparatus, to which was fitted a copper oxide tube for the direct determination' 
of the hydrogen. The proportions of the saturated hydrocarbons were calculated 
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' **--*•* 

from the results of the explosion analyses, assuming only methane and ethane 
to be present. Since it is practically certain that highef ( paraffins are present 
to some extent, this assumption is not justifiable ; but the close agreement 
between the voiifi^je of^bxygen used up in the explosion and that theoretically 
required for the ( proportions of methane and ethane reported, indicates that 
propane and higher, paraffins^ if present, octur in relativel^mall proportion. . . . 

“The pmpoftion of nitrogen was arrived ,at by deducting from the total 
reshdual njtrogen the vplumq of the latter which had been added^in thwfoim 
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of air, to supply the oxygen necessary for the combustion of thfe hydrocarbons, 
instead of representing it as the difference between the 100 and the sum of the 
other constitugnts, as is customary. The variation of the tot£l from 100 repre- 
sents errors of •analysis. The percentage of nitrogen reported in No. 5 is 
• evidently low, as it falls somewhat short of the figure which is equivalent to 
3 per cent)* of oxygen.” 

The principal data obtained by Gray and Kiifg are grftm in Table XXI. Their 
results, in common with those of the jfrevious ir*vestigatorB, emphasise the jiigh 
ratio of methane and higher paraffins in gas produced By low temperature car- 
bonisation at temperatures # of about 600° C. 

Ref#*ence may also be mado to a paper by Porter and Taylor 1 in which are 
shown the yields of typical coals Joetween the temperatures of 250° and 450° C. 


CRITICAL TEMPERATURES IN THE HEATING OF COAL 

Somewhat similar yields of gases to those of Porter and Ovitz have been obtained 
by Burgess and Wheeler 2 oft saiftples of bituminous, semi-bituminous and anthracite 
coals. It appears from their experiments that the occluded gases are evolved up 
to about 200° C., tha£ the evolution of the combined water commences at 200° C. 
and that the decomposition of the coal substance commences at about 350° C. 
This is confirmed by some large-scale work at H.M. Fuel Research Station, when 
coal was raised to a temperature of 350° C. in a rotary heater. 

Vignon 8 concludes that unsaturated hydrocarbons are evolved up to 600° C. 
but not beyond, and that methane and other paraffins form from 60 per cent to 
80 per cent of the total yield of gas up to about 800° C. * 

It is clearly established that t’jero is a definite critical temperature between 
700° and 80(5 0 C., at which tho evolution of hydrogen rapidly increases. This 
phenomenon has already been referred to (page 4G, Chap. IV), jfnd its exact 
significance need not here be discussed. It is generally agreed, however, that 
secondary reaction* on a large scale btgin at [his temperature. The secondary 
reactions are due to the ini ’voice of Ineat* upon thtf •primary products of distillation 
previously forirfcd/ cUo tar* king changed in character and diminished in quantity, 
and the gas being incensed in volume but* diminished in complexity and calorific 
value. This tempefafure of 700° C. may be* considered the li*iit beyond which 

• * * • 

1 Porter and Taylor. “The Mode of Decomposition of Coal Froc. Amer. Oas In*., 

9th Annual Meeting. Chem. Sec., 1914, 1-50. • ... * ' 

* Burgess and Wheeler.^ “The Volatile Cqpstituents of Coal.” •Tran*. Chem. Soc., 1910, 97, 1917- 
35, and 1911, 99, 649-67. ‘'^The Distillation of Coal in a Vaftiuiy ” Tr&ru. Chem. Soc., 1914, 1Q5, 
131-40. 4 | # 

,* Vignon, L. “Distillation 3raction£e de la Houille.” Compies Rendus Acad. Sci 19M2, 165. 

■ nri / irift » * - m. ' 7 



TABLE XXI 

Low Temperature Assay at 600° C. of Typical British Coals (Gray and King) 



THE EFFECT OF HEAT UP(fN. GOAL . . 95 

coal should i\t be heated in any process for low temperature carbonisation if the 
oils and gases are to possess the properties associated with the primary products 
of carbonisation. • • 

*TIIE effect of the carbonising temperature on the 

QUALITY OF THE COKE* 


» The effect of the temperature of carbonisatjpn on thp quality of the resulting 
coke is very marked for wide tempci^ture ranges. The 0 structure of the coke 
resulting from the carbonisation of the same coal^t *ariq*is temperatures hasfbeen 
examined by Cobb anH Greenwood. 1 In particular the specific gravity, porosity 
and weight of the resulting samples of coke were determined. The temperatures 
employed* were 550° 0\, 850° C. and 1100° C., corresponding to low temperature, 
gasworks and coke-oven practice respectively. The original coal had a specific 
gravity of 1-2T. The specific gravity and porosity, as calculated from the ratio of 
actual coke volumes and interspaces, of the resulting coke were as follows : — 


v 

Temperature 

Specific Gravity. 

Porosity. 

A 

• 550° C. 

1*59 

44-7 

B 

. *850° C. 

1-87 

52-5 

C * . * . 

. 1100° C. 

1-87 

48 


The differences are summarised by the authors of the paper as follows 


(1) The total volume of coke A was 3 per cent greater than that of the original 
coal. Such swefling is the cause of much difficulty in low temperature 
carbonisation. 

(2) Coke B was much harder than coke A, and the change h. weight, porosity, 

etc., show that this hardening was accompanied by a thinning of the 
cell flails. # . 

(3) Coke C had similar properties to those <Jf a commercial sample of metal- 
lurgical coke. The hardening in this case was accompanied by a thickening 
jff the cell # waffs. This circumstance is regarded as one main difference 
between, gas coke and? hard metallurgical #pke. 

• / 

tjie^te'mperature of carbonisation 

From the data, lift her to published of the* result of laboratory experiments it 


would appear that there is not #yet definitely established * •temperature lying 
between 350° and 750° c£, for which it m«^y be said that the ) ielt^s of the product# 
of distillation are an optimum. It is possible, how^vet, that on a commercial plant 
for low temperature carbonisation the working range oftemperajur^may fall within 

‘^obb Greenwood. “ The Structure of Coke.” rn. S(tf. Chem. 1ml., March, 19$2. 
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narrow limits. ""Flic value of the gas, tar and coke must then be mef/mred in terms 
of the quantity and quality from an economic standpoint, while the practical diffi- 
culties of maintenance and upkeep of the plant must also be borne in mind. f The 
effect of heat on the quality and strength of iron and steel at , high temperatures 
must in particular be taken into account. It will possibly be fotind that a £eip- 
perature in the neighbourhood qf 600° C. is, on the whole, most suitable for the 
majority of commercial pjants, though it may be desirable to heat certain coals ' 
to a higher temper atv re, say 650° C., in-order to assist in the production of a 
compact coke. , r 1 

B. THE TIME REQUIRED FOR CARBONISATION 

THE TIME ELEMENTS IN THE CARBONISATION PROCESS 

It is essential from a commercial standpoint to have reliable iiiformation on 
the time required for the carbonisation of coal. The conditions under which 
laboratory experiments are performed are, however, so different from those which 
occur on any full-scale plant that it is very difficult to ‘draw any conclusions of* 
value for commercial application. Practical aspects of the problem of heating the 
material will be discussed in a later chapter. In this section the matter will be 
considered in a preliminary manner from the results of small- and medium-scale 
experimental work. 

Coal is a poor conductor of heat, and the time of carbonisation is influenced 
very largely by the method of heating, the shape of the retort, the thickness of the 
charge, the size of the particles, the closeness of packing, the facilities for the 
escape of the vapoprs and many other important factors. Whereas detached 
particles of coal when exposed to radiant heat can be carbonised in a few seconds, 
it has been found that the carbonisation of 20 grammes of fm jly ground coal in 
the laboratory assay apparatus »of the Fuel Research Board is only completed 
when a temperature of G00° C. has been maintained for at least twenty minutes. 
Apart, therefore, from the time required to transfer the heat from the heating 
medium to the charge, which is influenced by the method of heating, size of particles, 
etc., it would appear that there f is a further time-elent mt, dup to^the necessity for 
maintaining the coal at the maximum temperature before carbonisation is com- 
plete. It is scarcely to, be expected, that the varied and complex reactions which 
occur in a mass oi coal heated! to a temperature of, say, 600° C. can be completed 
immediately that "t&mper^ure is attained, ancf an interval of time must elapse 
"oefore the gases Vmd' volatile product? can bo removed from the charge. Both the 
variables, rate of heating £^nd <jate of completion of the c&rbonising reactions are 
dependent, am ng/t other factors, upon the ratio of the mass to the surface of 
the charge. ( ‘ ~ ? \ 
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THE EFFECT OF THE TIME-ELEMENT ON THE YIELD OF GAS 

t * 

l^i connexion \vith the effect of the time-element on the yield of gases, results 
oi interesting experiments on a works scale are given in the Report of the Fuel 
Research Board. 1 In these experiments the variations in the rate of evolution, in 
the calorific value and the density of the gas at different stages of the carbonising 
period were determined at a constant retort terflperaturo of 600° C. 

The graphs of typical results on a tifhe basis arc shown in Figs. 6, 7, 8 and 9. 
It will be seen that there is an initial rapid evolution of inert gas, probably chiefly of 
steam and carbon dioxide, ^though some of the effect observed is due to expansion 



Fig. 0.— Carbonisation in*Horizontal Steel Retorts of Langley Brights Coal. 

of cold air which is admitted with the coal charge. The rate of evolution then drops 
to a miTiimum at aftout 30 minutes, but jfiter steadily rises to a maximum at about 
120 minutes, after charging, but is sustained for abhut 20 minutes only. The peak 
in the curve of calorific \hlue occurs at aJ)out 1^ hours after gharging, where it 
reaches a value of j^bjJut 1200 B.Th.U. ; bu^ it will be noticed that, after about 
2| hours, it drops very rapidly to about 700 B.Th.Ufand less. The specific gravity 
starts at a maximum value, and drftps steadily to a fairly # cons1i&if figure at 2| hours 
and onwards. It thus follows that, from the standpoint of th/ y^ld of gas, there* 
is no advantage to be filled in “ stewing ” the coi*l f*vr an indefinite period, since 

1 Fuel Research Board. Report fflr the years 1920-1. Second section : ‘^Low Temr^rature 
€arbon|ation.’’/ (H.M. Stationery Office.) *'* • % 
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the increased ijtiautity of gas to be obtained is small. Fig. 10 sho\ts a typical gas 
evolution curve for the laboratory assay apparatus for a similar coal to that from 
which Fig. 8 has beet obtained. It will be seen that these curves nresent a refnark- 
ablc similarity in shape. 

THE EFFECT OF THE TIME-ELEMENT ON THE STRUCTURE 
OF THE COKE 

The effect of the time-element on the. structure’of the coke is of considerable 
importance. This is discussed 'very fully in the report already quoted, and to 
which further reference should be ms le. It has already been pointed out that Bmall 



Fjo. 7. Carbonisation is Horizontal Steel Retorts of Dalton Mai’» CoalJSample 1). 


detached particles of coal can be carbonised by radiant heat in a few seconds, *but 
that 20 grammes of finely ground coal are only carbonised in the assay apparatus 
when a temperature of 600° C. is .maintained for at least twenty minutes.- Thus, 
as the ratio of surface to masses decreased, tue “ time-element ” in carbonisation 
becomes important, this has .clearly an important bearing on the problem of 
carbonising material in^ thin layers. _ ^ _ 

On the other kind, any attempt to take advantage of the rapid action of radiant 
heat introduces certain undesirable complications when,, the coke is required for 
domestic purposes. f In the earlier experimental work at H.M. Fuel Research 
Station, when coal was caibojiised in shallow trays in the plant described on 
page 220, it was fecund that the effect of the radiant heat from the crown of the 
steel retort was to carbonise the surface layers so rapidly that little or no general 
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fusion had takin place. This effect was 60 great that, in a layer 4 >f material one 
inch thick, the strength of the final coke was adversely affected. Although the 
disadvantage was obviated by placing a steel plate on the ttfp of the carbonising 
niase, this solution *>f the difficulty was, of course, undesirable from a manipulative 
standpoint. It should be noted in passing that the reduction of the “ time-element ” 
by the utilisation of radiant heat would be of considerable advantage if the resulting 
fuel could be used either in the form of powder qr as the material in a briquetting 
process. 

In consequence of this experience a thicker layer f material was used and the 
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Fia. 8 .— Carbonisation in Horizontal Steel Retorts of Dalton Main Coal (Sample 2). 


carbonising trays were divided into square cells by means of grids made of half-inch 
steel strips, in order to assist in heat distribution by conduct ion and so compensate 
for the increased thickness of the coal mass. BlCtks of fuel were thus prepared, 
and those of three-ku;h cube were found the most satisfactory. Five of the six 
sides of the blocks being in contact with the steel surfaces were smooth and glazed, 
• t ^ le Blxt h being rough. The hfgh heat conductivity of the' steel facilitated the 
flow of heat to the material in the centre, a?\d so reduced the ffiie Of carbonisation, 
and the blocks were foufid to be of uniform structure. Further useful information 
eouid be deduced from the fact that under these conditions the«pre^ncc of a layer 

of finely powdered coke on tfie free surface gave eVdencc* when the mixture of coal 

■ • • 
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employed was efficient in caking power. Such blocks were adopted /s the standard 
form of fuel produced by this particular process. 

The effect of t*he fjassage of volatile gases through the mass of ( -?oal is of import- 
ance, especially during the cementation period, i.e. during the neriod when* the 
temperature lies between 350° C. and 450° C. c * 

During this period the material is very resistant to the passage of gas, and, 
while the effect of this pi ay not be pronounced when the material is treated in 
thin layers, the effect when it is heated more of less in bulk, as in certain 



types of vertical retorts, may be very marked. Consider, for example, the material 
in a vertical retort which is externally headed. t Owing to the poor heat conductivity 
of coal, the zones of temperature from the walls inward n ay be taken to vary 
somewhat, as sho^n in Fig. 11. The material in zone A being above the cementation 
temperature lias solidified and will be pervious to the gas. The material in zone B 
being at the ceme/itation temperature and in a plastic condition prevents the flow 
of gas from C to A jr A to C. As the heat is further transmitted to the coal, the 
plastic envelope trivelp towards the centre of the core. The fusing of the coal 
tends to resist the 0 fli>w of <the f <gases, forcing a large proportion of them to escape 
through the cffitet layers of material at the higher ( temperatures. In order to 
prevent the pressure within th& retort rising unduly, and to facilitata the transfer 
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of heat to th^interior by the medium of the carbonisation gases, 4t is desirable in 
such cases to use screened coal of uniform size, or to stop the expansion by other 
means, such as Mending. 



Fig. 10.— Gas Evolution^ Curve in Low Temperature Assay Apparatus of 
• ‘ Dalton Main Coal. 

The effect oi these aspects of the time-element on the carbonisation of coal at 
low temperatures is thus of great importance, and should be closely studied by 
those interested in the design of a full-scale plant. 


THE EFFECT OF* THE TIME-ELEMENT ON THE YIELD OF TAR 

% 

The changes likely to be brought, about by modifications in the elements of 
carbonisation are dealt with more*fully in Chapter XIII. J f : , however, desirable 
to note at this stage that the effect of the time-element on the yield and quality 
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Fig. 11. — |!Zones of Temperature in Externally Heatjed Vertical Retorts. 

* 

of tar is roughly in conformity \gith its effect on the gas. influence of time 
is bound up with the speed at which the Jar vapours are removed from the heated 
zones ; thus, if their reproval be very slow, the tar vapours#wilI experience secondary 
decomposition, with the production of lighter fi actions, ga», carbon and pitch. 
The yield of^oils will be decreased, and the character of the SodiV formed, begins 
tc change fiom paraffinoid to benzenoid structure. ^ • 
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Time has alho another effect quite apart from changes due to prolonged heating 
of the oil which has already been formed and vaporised. During the carbonisation 
of coal there will be a period when tar formation is at a maximuni; rate, after which 
it falls off in somewhat the same manner as we have already sedn in the case ox the 
gas. That is to say, oils will still continue to be given off, but in rapidly diminishing 
quantities. As in the case of the gas generated, a moment will be 'reached when 
tar formation, while stil^ continuing, will be so small as to render it uneconomical ^ 
to prolong the carbonisation any further fcr oil production alone. In most practical 
casdk, however, carbonisation is carried out at such a temperature that the evolution 
of tar is practically complete before the rate of evolution <5f gas has fallen to such 
a figure as would render it uneconomical to continue carbonisation. 

C. THE AMOUNT OF HEAT REQUIRED FOR CARBONISATION 
EXOTHERMIC AND ENDOTHERMIC REACTIONS 

The amount of heat required to produce the necessary chemical and physical^ 
changes for the carbonisation of coal is not large, but its economic importance 
varies according to the method of carbonisation adopted. 

The problem is one of extraordinary complexity, since the original coal is a 
heterogeneous material containing a large number of chemical entities which react 
together under the influence of heat tu produce solids, liquids and gases of equal 
complexity. When a reaction takes place between two chemical compounds, heat 
is either absorbed or evolved. If the reaction is accompanied by an absorption rf 
heat it is said to be endothermic, while if heat is given off the reaction is termed 
exothermic. Thus* hi carbon is burnt in oxygen, according to the reaction 
C + 0 2 = C0 2 + 97,000 calories, heat is given off to the cxteqt of 97,000 calories 
per gramme molefcule of carbon dioxide formed. The-rfcaction is therefore accom- 
panied by a rise in temperature of the product, and is exothermic. On the other 
hand, if carbon be made to combine with hydrogen according to the reaction 
2C + H 2 = C 2 H 2 — 48,000 calorie^, heat is* absorbed to the extent of 48,000 calories 
per gramme molecule of acetyjSne formed. The reaction can only take place if 
heat is supplied, and is therefore endothermic. This heat apparently disappears 
as such, but still femains as energy in the substance or substances formed, and this 
energy can be regenerated intv heat units by suitable means*: 

*. 1 r ^ 

THERMAL SEACflONS IN C0AL AT HIGH TEMPERATURES 

• « f . € 

In the carbonisation o£ edid we find exothermic ana endothermic reactions 
taking place simultaneously. These tend to balance each other thermally, and the 
net result is^only exothetmic Sr endothermic to a slight degree. °Work <5n 1;his 
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subject has teen carried out by Mahler 1 in 1891, Euchene 2 in 1900, Constam and 
Kolbe 3 and Schlapfer 4 in 1908 and 1909, and Hollings and Cobb 5 in 1914 and 1915. 

Mahler determined for a certain type of coal in his bomfi calorimeter the heat 
of: 'combustion of the coal, and also that of all the products of carbonisation, finding 
that the latter was less than the former by some 459 B.Th.U. per lb. of coal, or 
about 2| pci cent of the heat in the original coal. 

Euchene compared the heat of formation of the distillation products with the 
heat balance of a retort setting, and for coal of a similar ultimate chemical 
analysis to that used by Mahler found an evohjtior of heat during the reactions 
of 114 B.Th.U. per ?b., or say 0-6 per cent. In his paper Euchene discussed 
observations made with three types of coal which differed in their content of 
oxygeh and also in their volatile matter, all of wdiich showed a liberation of heat 
during the distillation. The anfounts apparently liberated in his experiments are, 
however, very small (always under 1 per cent), and are therefore of an order 
comparable with the probablo percentage error of his experiments. 

Constam and Kolbe, using the method adopted by Mahler, w r orked on typical 
English coals, and obtained fibres for an evolution of heat varying between 6 per 
cent for a Nottinghamshire coaPand 2-1 per cent for a Welsh steam coal. 

• 

THERMAL REACTIONS IN COAL AT LOW TEMPERATURES 

The whole of the work mentioned above refers to the overall evolution of heat 
during a process wlier^ coal is distilled by subjecting it to temperatures which 
'increase from atmospheric at the commencement to the temperature associated 
with high temperature carbonisation,* Little work of a quanr dative nature has up 
to the present been attempted wfiere the maximum tempo cure has been limited 
to those associate*! with low temp mature carbonisation. Hollings and Cobb 6 have, 
however, compared the temperature changes wiiich occur in a sUmple of coal when 
it is heated and distilled by a definite inflow of heat with those which occur during 
the heating of a similar sample of inert material by a similar inflow. In this way 
they Lave succeeded in tracing the coarse of the exothermicity or endothermic ity 
of the reactions which take place a„ the different temperatures. Bituminous coals, 
anthracites, cannel and cellulose w r ere examine^., and they were able to detect 

1 Mahler, A. “ Siir la Distillation do I’Houille.” h'omptes Re7idus % 1891, 113, 802. 

2 Euchene. “Thermic Reactions in the Distillation of CoaJ.” Jnurn. (Ja? fighting, 76, 1080, 1900. 

3 Constam and Kolbe. “ Researches on the Carbonisation of T>. oieal E^gfjsh Coals.” Journ. of (f ts 

Lighting, 107, 090, 1909. '* 

4 Schlapfer. “ Study of the Carbonisation of tie Chief Tvpes of Coal.” Joia\n. of Gas Lighting, 1C1, 

382, 1908, 1909. , # 

5 Hollings and Cobb. A Thermal Study of the Carboi^sation Process.” Gas Journ., 1914, 126, 
917 ; Trans. Chew,. Roc., 1915, 107, 1100; Fud in Science and Pmcttce, N<tv\, 14)23. 

6 Hollings and Cobb. “ A thermal Study of the Carbonisation Process.” 'fis Journ., 126, 917, 
1914;* Trans . Qhem. Soc., 1915, 107, 1100; Fuel in Scien& tnd Practice, Nov., 19*3. 
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“ a number of (airly well-defined stages during which exothermic pr endothermic 
reactions predominate.” In their summary Hollings and Cobb state : “ In the case 
of the Monckton°co&l used, the distillation, so far as it is revealed by thermal 
changes, commences at 250° C., and endothermic reactions predominate up to 410° C. 
This is followed by a short exothermic stage between 410° C. and 470° C., and a 
second endothermic period between 470° C. and 610° C. The exothermic stage 
above 610° C. is always v§ry pronounced, and is interrupted between 750° C. and 
800° C. The probability that exothermic Reactions continue to some higher tem- 
perature has already begi discussed.” 

It will be seen then that, although the overall reactions associated with high 
temperature carbonisation appear to be exothermal, it'' does not follow that this 
will apply to the results of a low temperature carbonisation method. If, the tem- 
perature be limited to 600° C. in the case of the coal used by Hollings and Cobb, 
we have endothermic reactions commencing at 250° C. and continuing until 610° C., 
with a break between 410° C. and 470° C., during which there is a short exothermic 
stage. For this coal, at any rate, it is possible that the overall reactions during 
low temperature carbonisation may be either neutral or slightly endothermic. 
It may, however, be pointed out that in most of^he coals which have been tried 
under low temperature conditions at H.M. Fuel Research Station the potential heat 
in the products after cooling to datum temperature has been less than the sum of 
the potential heat in the raw coal and the sensible and latent heat of any steam 
used. It must not be forgotten, however, that the results of such determinations 
include the sum of all the errors made in the necessary measurements. 

In large-scale work, where experimental conditions are necessarily more crud<£ 
the effect of heat loss by radiation, etc., which cannoo be directly measured is so 
great as to obscure tfTe relatively smaller effect of the heat balance of the reactions 
which take place in the coal substance. 

‘THE HEAT BALANCE SHEET IN PRACTICE 

Consider the heat balance sheet for co§l carbonised in a large-scale plant at 
any given temperature. On one f sfde we have all the heat entering the system, 
this being the sum of <. the potential heat of the coal, the heat both sensible 
and latent of any F$eam used, ana the heat supplied by the combustion of the fuel 
burnt in the setting. On the other side we have the potential h^at in the products 
— coke, oil, gas and liquor— <after they have been cooled to the datum temperature, 
the heat both sensible and Jatent of these products as they are removed from the 
retorts and which* ha£ been mainly abstracted in the condensing and cooling plant, 
the heat present in the product^ of combustion of the fuel burnt as they leave the 
setting, and the Aeat; lost from the setting by radiation, conduction and convection 
to surrounding^bodies. 
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If all of thQse were capable of accurate measurement the two sid^s of the account 
would balance. In practice even with the most careful measurements a balancing 
figure would becrequired which would represent the algebraic sum of the errors 
made in the senate measurements. While experiments have been attempted 
in high temperature practice with an approximation to the degree of elaboration 
quoted abovo, there has as yet been no such work carried out for low temperature 
processes. ^ 

If again we consider the heat balance sheet for the retorts only, we have 6n one 
side the potential heat of the coal, the heat botl^sersibkand latent of any &eam 
used and the heat which has passed through the walls of the retort from the heating 
chambers. On the other side we have the potential heat in the products of carbonisa- 
tion after cooling to datum temperature and the heat both sensible and latent of 
these products as they leave the Retort. 

It is often Necessary when considering the design or application of any type of 
retort to form some opinion as to the amount of heat which it will be necessary 
to supply to the setting in the form of fuel burnt. On one side of the heat account 
for the combustion chambers have the potential heat supplied to the setting 
whilst on the other side we hav?. the heat passing through the retort wall to the 
charge, the heat* lost in radiation, conduction and convection and the heat both 
sensible and latent in the products of combustion as they leave the setting. Of 
these an estimate of the loss by radiation, etc., may be made from analogies with 
plant of a similar nature. 

With regard to the heat which must be passed through the retort walls to the 
cnarge a consideration of the retort he^t balance will show that this can be obtained 
by subtracting the sum of the potential heat in the coal anc^y sensible and latent 
heat Oi any steam coal used from the sum of the potential heac in the products after 
cooling to datum temperature and the sensible and latent heat of the products of 
carbonisation as they leave' ‘the retort. • 

In practice the potential heat in the products is less than that iii the coal and 
steam charged, and the following examples of the difference as obtained from two 
types of plant are quoted from experimental work at II. M. Fuel Research Station: — 
Horizontal Retorts (described on page 220). 5-8 per cent of potential heat in coal. 
Vertical Retorts (Technical Paper No. 7, .Fuel Research BoardJ. 1 *3-3-7 per cent 
of the sum of potential heat in coal and in stoam supplied.. 

If, then, figures of this magnitude are subtracted' from an estintate of the sensible 
and latent heat of the products as^hey leave the retort? an idetl* can be obtained of 
the heat which must be supplied through tl?b retort wall in order to effect the process! 

m • • 



CHAPTER VIII 


TECHNICAL PROBLEMS-METHODS OF HEATING 
THE MATERIAL 

INTRODUCTORY 

r 

Turning now from the, study of the chemical and physical aspects of the subject, 
it is desirable to discuss .certain general principles affecting the design of plant 
required for low temperature carbonisation before attempting to describe some 
typical retorts already tried or proposed.* In this way the possibilities and weak- 
nesses of these retorts may 'perhaps be the better appreciated, and the prospects 
as well as the difficulties of the different processes may be tlfe more easily appraised. 

Retorting systems may be broadly divided into three main groups. In the 
first, the crushed coal is exposed in thin layers in a gas-tight retort or dhafhber to 
the action of heat, which is passed through the walls of the retort from an outside 
oven or combustion chamber, and is distributed to and through the mass by con- 
duction, radiation and convection. The layer of coal is maintained in repose during 
the period of carbonisation — that is to say, it is not mechanically turned over for 
the exposure of new surfaces to the action of the Ifeat.i 

In the second, the crushed coal is exposed tohieat in an externally heated gas- 
tight chamber in which it is mechanically stirred and turned ofer, so that fresh 
surfaces are exposed to the radiated, convected and .conducted heat from the walls 
of the chamber. Retorts of this type may be horizontal, vertical or inclined, and 
the turning over of the coal may be effected by the action of gravity or by the 
movements of mechanical apparatus placed within the refort for the purpose. ^ 
In the third, the crushed coal is exposed to the action of heat derived from the 
sensible heat of a large volume of producer gac, superheated steam or some inert 
substance which is passed over and through the mass of broken coal. If producer 
gas is used, it is either generated by the combustion in a mixture of hir and steam 
of a proportion of the coke which results from carbonisation within the producer 
itself, or is generated in a separate gas producer fed with an independent supply 
of coke. r 

Differentiating by the method of heating, these groups form two classes. Groups 
one and two fall together in aii’ externally heated class of retort, and group three 
forms an internally heated clask. Even with this classification there is a certain 
amount of overlapping! since retorts' have been suggested whifeh combine external 
with internal heatjng in om* apparatus. 

The methods of supplying heat for the carbonising process have a very important 
bearing not only fa determining the design of the retort and in modifying the products 
of carbonisation, but also possibly in fixing a maximum working limit to the thermal 
efficiency of tly? process. ° 

In the ca^Se of the externally heated retorts the mateiial to be 'carbonised is 

106 
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supplied with% heat through the walls of the retort, i.e. the hot £ue gases or the 
flames from the source of heat do not come in contact with the charge within the 
retort. In the case of the internally heated retorts the material to be carbonised 
is heated by di.reft contact, i.e. by passing the hot gases or other substances into 
the tetort and bringing them into intimate contact with Jhe charge. The differences 
brought about by these alternative methods are so great. that it is essential to discuss 
them in some detail. Before doing so, however, it be desirable to consider 
some points affecting the size* of material employed for processes of low temperature 
carbonisation. # • # 

SIZE OF MATERIAL 

There is great variation in the sizes of material which inventors have attempted 
to use in ' the different proccsseg of low temperature carbonisation put forward by 
them. The maximum size for certain proposed installations is given as inches, 
but for others only | inch or even less. In one process, which at the present time 
gives indications of great promise, the most desirable size is given as double or 
treble nut, the finer sires being screened out. In most cases, however, especially 
when blending is adopted? it is advantageous to have the material crushed, so that 
the pieces have a large surface in proportion to their volume. The weight of a 
given volume of thJ material is increased by its tine division, the mixing can be 
made more intimate, and the resultant coke is improved both in density and 
robustness. 

Many experiments have been carried out at H.M. Fuel Research Station to 
determine the influence of the size of material on the rate of its carbonisation in 
trays in externally heated retorts, and on the robustness of the resulting coke. It 
was found that coal crushed and feft on a 4-mesh sieve didv.M give a satisfactory 
k coherent coke. It could be broken down very readily, and would not be suitable 
for transport . On the otli^r hand, by leaving the dust and finer particles in the 
crushed coal, the resulting coke was much more robust. It was found that the 
thermal conductivity of the material was also improved. In the experiments on 
low temperature carbonisation described in the Report of the Fuel Research Board 1 
the standard of fineness was taken* to Ifc that of ^rushed material which had been 
passed through a disintegrator of the double cage type. Table XXII taken from 
that Report gives th# typical proportion^ of particles of various sizes after disin- 
tegration in this nfidiine. • 

The best degree of fineness f(^r material to be caibonisec^in certain types of 
continuous vertical retorts is not, howeve^ the same as That f jr material carbonised 
in trays in a horizont^ retort. Similar experiments *to determine the best size of 
material for carbonisation at low temperatures in one type of externally heated 

* 3 Report o^the Fuel Research Board for the years 192^.921 ; Second ffcctiiflte “ Low Itempera* 
ture Carbon isatj on.” (H.M. Stationery Office.) . • 
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vertical retort, where gravity is relied upon to secure the continuity*of the process, 
are described in a further Report of the Board. 1 Two retorts were charged with 
disintegrated coal and two with uncrushed coal (nut size). The uncrushed coal gave 
good results, whereas the disintegrated coal did not apparently .move uniformly 


down the retort. 

TABLE XXII 

Typical Proportion of Particles op 'Various Sizes used 

in Experiments 

4!- 

Passing 4 mesh and 

IT PM. Fuel Research Station 

remaining on 10 mesh sieve . 

. 24 per cent. 

„ 10 „ 

„ 20 ... 

• 27, „ 

20 „ 

„ 30 

• 14 „ 

„ 30 „ 

„ 40 ... 

• 7 „ 

>> 40 „ 

50 „ ... 

• 6 

„ 50 „ 

.. >, 00 ... 

• 4 „ 

» 00 „ 

„ 100 „ ... 

5 

„ 100 „ 

» 

: ? n 5? ‘ 

. 13 „ 


The weight per cubic foot of Dalton Main coal so treated was 49 lb. 


but formed a hard crust, which moved slowly down the walls and allowed partially 
carbonised coal to pass more rapidly down the centre. The size of coal successfully 
used in the experiments described in this Report was : — 


Amount remaining on 1-inch sieve 
j> i-inch ,, 

„ •-.. „ 1-inch „ 

passing J-inch sieve 


20*4 per cent 
73 - 8 " „ 
89-5 „ 

10-5 „ 


It should be noted that, in the vertical retorts used in’ the Scottish shale industry, 
the shale is passed through in lumps of fairly definite size. In such cases the open- 
ness of the material undergoing carbonisation allows the free play of convection 
currents, and so facilitates the parsing of heat to the interior of the charge, with 
the result that a more t uniform' distillation is effected. It \pill be seen then that 
the results of experiments with c^a] in vertical retorts at H.M. Fuel Research Station 
are quite in keeping with the long experience of the shale oil industry. 

Experiments vn the effect of the degree of fineness of coal in high temperature 
practice have also*been mg.de by Mr. T. Bidduijph Smith. 2 Material of the three 
‘degrees of fineness £iven in Table XXiII was carbonised in a coke-oven under 

t •• 

1 Fuel Research Bqard Techr Paper No. 7. “ Preliminary experiments in the Low Temperature 
Carbonisation of C<fcd iq. Vertical Retorts.” (H.M. Stationery Office.) 

a Piddulph*ft ith, T. “Effect of^me Physical Conditions luring Carbonisation of Coal "pon 
the Quality of Coke Produced. ” r Coke Oven Managers’ Assn., 19th April, 1922. '* 
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similar conditions, and the strength of the resulting coke measured* These readings 
show that the gain in the strength of the coke obtained from finely ground material 
is very great, although in this case it must be pointed out 1;hat the coke, being 
made at a high temperature, was for use in a blast-furnace, and not in a domestic 
fire-place. # 

% TABLE XXIII 

Strength of Coke of Varying Decrees of FinenSs^ (Biddulph-Snhtth) 



No. l # 

• N«. 2. 

po. 3. 

• 

Per Cefit. 

Per Cent. 

Per Cent. 

Between 1 in. and * in. 

Nil. 

Nil. 

36-5 

Between | in. and T V in. 

Nil. 

3-7 

270 

Between ^ in. and in. # . 

Nil. 

51*8 

31-3 

Between in. and in. 

Nil. 

29-5 

2-9 

Between^ in. and ,/ 0 in. 

Nil. 

100 

1-8 

Under ¥ V in 

100 

5-0 

0-5 

• 

• • 

Crushing stress of the resulting 

100 

100 

100 

coke —-*lb. per sq. in. 

1003 

595 

212 


The effect of the Subdivision of the material on the homogeneity and porosity 
of the coke is of great importance. Reference may be made in this connexion to 
the results obtained by«Sutclifie and Evans on the briquetting and carbonisation 
oT^rlverise^iiipl. In the process developed by these inventors finely ground coal 
is briquetted cold by subjecting it without any added binder to o pressure of 10 tons 
per square inch. The coke obtained on carbonising the briquettes is more dense 
than ordinary gas«or metallurgicafcokc, and its homogeneity is remarkably good. 

Such a treatment befdle carbonisation renders it possible to combine the 
advantages of hardness and closeness of texture associated with the use of finely 
divided material with those advantages more usually associated with the use of 
materiSl in the lu5ip form.« • 

These do not, however, exhaust the considerations v r tich tend to determine 
the size of the materiaf for particular processes, ffhe cost of grinding the material 
into fine particles isiot* great importance. Moyover, in certain cases— for internally 
heated vertical retorts, for example— there must libt too lar^i a proportion of 
“ fines,” otherwise the material tefids to pack in the retort, aiftf mechanical means 
may have to be adopted to secure the continuity of the process# In addition, th? 
evolved gases cannot p&ss freely through the retorfanj} tend to form channel ways 
through the material, thus pre voting the uniform coking of tje diarge. It must, 
however, be counted a disadvantage in connexfdu witji any prowls if it •rejects 
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the fine coal, spice the working costs are simultaneously increase^. by the non- 
utilisation of a portion of the fuel available. 

Whether the retdrts are externally or internally heated, the seating effect of 
the gases evolved from the material is of some importance in* reducing the time 
of carbonisation. In vertical retorts part of the carbonisation is effected by the 
hot gases from the lower parts passing up through the incoming charge. This 
effect is perhaps more npticeable with those coals which produce large quantities 
of gas. It is desirable that the material should not be in such a condition that 
on carbonisation the gases of distillation are restricted in their freedom in passing 
through the material. 


A. EXTERNAL HEATING 
PROBLEMS OF EXTERNAL HEATING 

When the heating is effected externally, the hot flue gases are circulated round 
the body of the retort, and the heat is transferred through the walls to the charge 
within. The retorts used in the gas industry are rf this type, and it is probably 
on this account that the great majority of the proposed retorts for low temperature 
carbonisation are in the same class. It should be added that the minority, the 
internally heated type of retort, form a small but important class. 

TRANSFERENCE OF HEAT 

In the following discussion on the question of transference of heat to the charge, 
the influence of the thickness and of the material of the retort v::d!s will not be 
taken into consideration. There is in every externally heated retort a certain 
temperature drop between the outside and the inside surfaces of the retort, but 
reference will be made to this in a Inter section. It is desired at tnis stage to discuss 
the heat transference from the inner surface of the retort to the material which is 
being carbonised. In this transference, conduction, convection and radiation play 
important parts. 

It is known that coal is a ver.y c poor conductor of heat, though it is difficult to 
give precise data for its conductivity or non -conductivity. The thermal conduc- 
tivity of metals and some othef substances can be fairly accurately determined, 
but that of coal and carbonaceous materials in general cannot bt' precisely obtained. 
The physical characteristic^ and chemical composition of coals vary considerably ; 
and, more important still, chemical and ^physical changes'* occur at even relatively 
low temperature^. ( 

Apart from these variable features, the coal in practice is broken into small 
pieces before l^Jng^fed into the retort, and the unknown variations in the inter- 
stitial spaces are a further difficulty in determining precise data ou the rate of 
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heat transference through the coal. The influence of tightness of # packing is well 
illustrated by 6ome experiments made by one of the authors on the apparent 
conductivity of ^g wool contained between two plates of shelt iron. If the wool 
werep packed solidly®, so that its apparent density approached that of the solid slag 
of,wlych the filaments of the wool are composed, we should expect the conductivity 
to approach Ijiat of slag, and therefore to be high. Again, if the space between 
the two plates contained no slag wool, there would bejree play for convection 
currents, and the flow of heat «from plate,, to plate would again be high. Thefieffect 
of the wool (the material of which is an excellent Conductor of hcafc),/?Tto prefent 
the free play of convention currents, and so we get little heat passing. Fig. 12 
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Fig. 12.— Effect of Density of Slag Wool Steam- 
Pipe Covering on Heat Lofts. 


• 

illustrates the effect of varying the density of packing. On the Jeff-hand side of 
the diagram the packing is light, and convection currents are insufficiently repressed. 
On the ^ight-hand tUdo of th$ diagram there is 'little convection, but the heat is 
transferred readily by conduction thtougfi the maternal of % wool. At the centre 
we find a point of minilnum apparent conductivity corresponding to a density of 
packing of 10 lb. pej ctL ft. ** 

A similar effect is to be expected, and indeed c»i Ije observed, in the case of 
coal of varying fineness, byt exact figures are not at present available. Calculations 
on the flow of heat through the coal are Accordingly based <*n yorks experience* 
rather than on laboratory experiments! It is found*fch&fc the time of carbonisation 
of a charge is affected not only by % the mode of heating, but also by* the size of the* 
mattrial and ^ie thickness <A the layer employed*. • 41 


lie. LOW TEMPERATURE CARBONISATION 

In this connexion some experiments are published by Mr. Nielsen 1 which illus- 
trate the slowness with which heat passes to the interior of a fairly tightly packed 
charge. A slab of coke from coal slack, about 3 inches thick, caibonised by being 
heated on one side only for about six hours in an externally h(?ated vertical retort 
at a temperature of about 600° C., was carefully divided into four sections, parallel 
to the retort wall. The percentage of volatile matter in each section was deter- 
mined separately, and result^ are shown plotted in Fig. 13. It will be seen 
that tii 2 volatile matter varies from 10 J' per cent hear the retort wall to about 
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13-| per cent at the centre of the charge. That is, in a given time the material 
near the retort walls is carbonised more than the jnaterial at the centra of the 
charge. This lack of f uniformity in the carbonisation must, be attributed mainly 
to the slow rate of heat transference across the coal. 

A report of the Fuel Research Board 2 recently publislred c gives an account of 
some interesting* observation^ of the temperature conditions in a Glover-West 
retort in which eiperimeijts in Carbonisation at low temperatures were being con- 
ducted. The cfyirgfc consisted of a mixture of a strongly swelling coal (Mitchell 

Main) with a non-swellfng <?oal (Ellistown Main) in the proportion of GO per cent 

• * • 

1 Nielsen, Hafaldf “ Producer Gas for Furnace Work.’i Engineering, 24th March, 1922. 

8 fuel ResdULh Board, Technical ffeper No. 7 : “ Preliminary Experiments in ^he Low Tempera- 
ture Carbonisation of Coal in Vertical Retorts.” (H.M. Stationery Office.) 1 
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of the former to 40 per cent of the latter, this mixture having pjoved to give a 
satisfactory coke on carbonisation at 600° C. in the horizontal retorts at H.M. Fuel 



Fio. 11 .— Distribution of T^mperaturk in No. 2 V.^itical 1!etort 

DURING Low TeMPERAHL’RE CARBON J8ING. * 

Research Station. A thermocouple was inserted in* a k>ng metal tube extending 
down the centre of the charge in* the retort, and readings weif t.'djjpn at points 
2 fee^ apart. *Fhe graphical representation of # the* results, given in Fig. 14* are, 
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reproduced from the Report by permission of H.M. Stationery Office. The following 
conclusions from^the graphs are also given in the Report : — 

i r 

“With no steaming the temperature at the centre of the retort rises ^ery 
slowly, while the coal traverses a distance of 12 feet. Thereafter it rises more 
rapidly for 5 feet, and then very rapidly at a distance of 16 feet, or 3 to 5 feet 
from the base of the retort. At the base it finally almost reaches the temperature 
of Ahe combustion chamber immediately opposite 

f- “ vVifck steaming^the rise*' of temperature is more rapid, an accelerated rise 
being obtained at about 10 feet from the top. The maximum attained is not so 
high by about 100° C. as wit’* no steam, but appears at a level fully 2 feet 
higher in the retort. 

“ The tendency for the coal to hang up in the retorts for short periods, and 
then travel rapidly down for a short distance, causes a good deal of uncertainty 
in such temperature measurements, and it is only by continued poking that 
even reasonable results are obtainable.” 


TREATMENT OF MATERIAL IN THIN LAYERS 

The fact of the slow rate of heat transference through coal is reflected in one 
of the primary principles in the designing of externally heated retorts, viz. that 
the material must be treated in relatively thin layers. There is a certain amount 
of experimental justification for assuming that the time' required for portions in 
the interior of a mass of coal to be heated, to a temperature wi^Jpv, few d^iees 
of that of the heat mg surface varies roughly as the square of the distance from 
that surface of the portion considered. If therefore the flue temperature is kept 
constant, the time required to carbonise a mass of coal 12 inches thick is four times 
that required to carbonise a mass 6 inches thick, and even then the degree of 
carbonisation will not be uniform. 

The bearing of this on the economics of the process lies in the fact that the 
throughput of a retort varies directly as the mass oi charge, and inversely as the 
time of carbonisation., The throughput of a retort is a \ery -important commercial 
consideration, anfl should be a maximum, so long as the products of carbonisation 
do not suffer thereby a In order tp minimise the time ol carbonisation there is 
therefore an upper limit oLposdbly 6 inches, to the desirable thickness of the charge 
within a retort, if the heading is to be effected Solely by conduction from the rnter 
surfaces, and if u commercial throughput is to be maintained. Many devices have 
been used, such as the subdivided trays of the Fuel Resear elf Board and, as the webs in 
the Tozer retort, whereby the mass of material within the retort is broken by metal, 
which 1 allows &n increase ,in the cross-section of the letort with out ''-increasing the 
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thickness of the mass to be carbonised. These devices will be described in a later 
section. f • 

The time for Ihe complete carbonisation of coal depends, however, upon another 
equally important *f actor, viz. the time required to remove the gases and oil vapours 
front the charge. It may be surmised, for example, that the time of carbonisation 
of non-fusibL coal is less than that of fusible coal. With non-fusible material the 
evolved vapours may escape freely through the interstitial spaces — unless indeed 
the charge is very closely packed— bm, with fusible materials, the cementation 
period delays very considerably the time of carbonisation;* since th- evolved gases 
have to force their way through a viscous envelope. In the case of both fusible 
and non-fusible coals, the ratio of mass to surface exposed to heat, has an impor- 
tant bearing upon the time required for carbonisation. 

The “ time-element ” for the* removal of vapours must therefore be taken into 
consideration in determining the thickness of the layers for carbonisation. From 
the standpoint of the conduction of heat, it is advantageous for the thickness to 
be reduced ; from the standpoint of the time required for the completion of the 
chemical reactions in the cpal. there is no advantage in using very thin layers. 


EFFECT OF RADIANT HEAT 


This position is strengthened when the effect of radiant heat is also taken into 
consideration It has already been pointed out that under radiant heat carbonisa- 
tion is effect;- ' so quickly that the surface particles have not time to fuse, and the 
resuliuig ccV fists of completely detached particles. This is not a defect when 
the resulting frw!. is to be briquetted, or can be used in powder form ; but it pro- 
hibits the use of the fuel for domestic purposes when the proportion of breeze 
• must of necessity he small. 

• 

EFFECTS OF STIRRING 


There is a further possible method by which the time of carbonising may be 
reduced, viz. by continuously stirring qr moving the material and bringing fresh 
surfaces into intimate, contact with the hot sides oi the retort, or with the heating 
gases. In the case of fusible and semi -fusible coalis, especially if the motion occurs 
during the cementation period when the material is in a. semi-plastic condition, 
this subjects the product to a certain amount 0/ shearing actidh, and causes all 
the lumps of coke to disintegrate. The resulting residue is too fine to be service- 
able ; or if not too fine, it is too friable for economic purposed. This is a fatal 
defect in any system which depends for its succession the sale of the residual coke 
as domestic fuel, for, owing to ’the high price of the binding material and the 
absence as yet of a satisfactory smokeless binder’ the possibility of post-briquetting 
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must, in general, f be seriously discoimted from a commercial standpoint. Although 
small fuel is serviceable in a producer, there is a limit to the fineness when thus 
employed, on account of the increasing resistance offered by the fuel bed to the 
passage of air and steam as the proportion of “ fines ’’ becomes greater. 

A further notable disadvantage of stirring is that the coke dust mixes with* the 
oil products, making refining expensive and increasing the working difficulties 
through the blocking of the eduction pipes. 

It i& interesting uTthis connexion to Lote that, in the primary retort of the 
carbdcoal process, the material is continually stirred and moved through the retort 
by the revolving paddles. A friable residue is the result, but as the material is 
briquetted with pitch before it is passed through the secondary retort, this technical 
disadvantage is nullified. ( 

Reference may also be made to the work of \Y inmill 1 on the low temperature 
distillation of inferior coals. The coals tested had an ash content of more than 
50 per cent. The apparatus used was designed for rapid carbonisation, without 
consideration of the effect upon the residuum. The material was therefore con- 
tinuously and vigorously stirred. This certainly reduced the time of carbonisation, 
but also had the effect of reducing the residue to a fine powder. It was found, in 
consequence, that the choking of the eduction pipe of the retort was so trouble- 
some that the speed of the stirrer had to be very appreciably reduced for optimum 
results. 

EFFECTS OF INCREASING FLUE TEMPERATURE 

The time of carbonisation of the charge may likewise be reduced bv increasing 
the temperature of the flue gases. Clearly the rise in temperature of the centre 
of a charge will increase with the rise in temperature of the inner surface of the 
retort wall. Any increase of the flue temperatur over a certain limit will, however, 
have very serious consequences. Either the outer layers become overheated, or 
the inner core* is not sufficiently heated for correct carbonisation to occur. In 
either case there is a grave lack of uniformity in the coke residue at any cross- 
section, and the efficacy of the process is considerably diminished. 

B. INTERNAL HEATING v 

CHARACTERISTICS OF HEAT-SUPPLYING MEDIA 

When the heating is effected internally, the heating medium is passed into the 
rptort, and, after giving ujf its heat to the charge, usually assists in carrying off 
the vapours of distilled ioi}. When the retort is externally legated, only the vapours 
of distillation need be condensed in order to recover the oil products ; but, when 

r • 

1 Wt'imill, T,tf , “The Low Temperature Distillation of Inferior Coal.” Journ. Soc. Chem. Iyd., 
1917 , 36 , 912 . - ° 
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the retort is Eternally heated, the heating medium must also in general be passed 
through the condensing plant. It is desirable, therefore, that f the*volume of heating 
medium should b^ a minimum. 

The medium supplying heat to the charge should possess the following two 
characteristics - • 

(1) It should have a high specific heat, so that the requisite quantity of heat 
may be supplied with a minimum quantity of heating medium. 

(2) It should be inert, so that combustion oi'.the charge docs no+ occur 'Hiring 

carbonisation. ' 

THE USE OF LIQUIDS OR SOLIDS AS A HEATING MEDIUM 

Before dismissing the possibility of supplying heat to the charge by means of 
liquids, reference may be made to the process recently advocated by Mr. J. Stanley 
Morgan 1 in a paper read before the Northern Section of the Coke Oven Managers 
Association. In this process the powdered charge is immersed in a bath of molten 
lead, which is kept in motion in order to facilitate the heat transfer. The time 
factor of carbonisation is then **ery small, being of the order of two minutes as 
against hours by other processes. The whole of the charge is thus uniformly treated, 
and the gaseouif vapours may be quickly removed. The process is, however, likely 
to present mechanical difficulties and is still in the experimental stage. The 
Caracristi retort, which also utilises molten lead as a heating medium, is described 
on page 209, but in this. /ease the material is not, strictly speaking, heated internally. 

Tne use*^ a solid material, such as Jieated sand, has also been suggested. Where 
oil and gas production only are required, as in the low tempio ature distillation of 
certain shales, the process is not without possibilities ; out in the case of coal, 

* where the s*>lid residue is one of the most important assets of the process, the 
difficulties of separating th* sand after distillatiqji precludes the possibility of such 
a method proving of commercial utility. 

THE USE OF STEAM AS A HEATING MEDIUM 

Steam has a high A specific heat, but its use as a heating medium without 
extraneous assistance does not at present appear to be very promising, for three 
main reasons • 

%> 

(1) The practical difficulties ia the supply of* steam superheated to the degree 
necessary for the carbonisation of»the charge. 

(2) The necessity for provision o* cooling plant 0a# sufficient size to absorb the 
latent heat of the steam, as well as the sensible heat carried over in the 

1 Morgan, #. Stanley. “ The Lead Bath Process of Low Temperature Carbonisation.”* Colliery 
Guardian , 13th April, 1 # 923. • ' 
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mixture Qf steam and carbonisation gases. Large and cosily condensers 
would therefore be necessary. , . 

(3) The difficulty that, unless the steam could be obtained as waste from 
some industrial undertaking, the latent heat would have to be supplied in 
addition to the heat necessary for carbonisation. 

.THE USE OP PRODUCER GA$ AS A HEATING MEDIUM 

A* more satisfactory heating medium is stripped coal gas or producer gas. These 
gases are inert, orv.(nleast contain very slight traces of oxygen, and, after passing 
through the condenser, do not have any deleterious effects upon the volatile products 
taken from the gases after the distillation of the coal. They do, of courr e, reduce 
the calorific value of the resultant gases obtained' from the retort. For economic 
reasons, producer gas is the medium generally employed in practice. There is in 
general a certain amount of dust carried by the producer gas, and its effect, which 
is perhaps not altogether a deleterious one, upon the carbonising charge must not 
be overlooked. 


DIFFICULTIES IN INTERNAL HEATING * 

The main difficulty in internal heating is to secure xuiiform carbonisation of the 
charge. In the case of horizontal retorts, this can only be effected by stirring the 
charge continuously, or by other methods, some of which introduce grave practical 
difficulties in a plant of a commercial size. The effects of stirring the charge during 
carbonisation have already been discussed oh page 115 and so nef^Tiot be further 
referred to. They arb sufficiently objectionable, however, to demand careful thought 
before stirrers are used with internal heating. v 

Rotary retorts* of the “Sensible Heat” (Nielsen) type (page 231) are, how- 
ever, in a different category. In 'this case the material is in continuous motion as 
it progresses through the retorts, but it is impelled by the force of gravity and 
not directly by mechanical means. # There is' therefore no tendency for the particles 
to disintegrate other than that experienced in any continuous plant. In this 
particular type of retort it is found in practice that the proportion of “ fines ” in 
the coke is not great. 

In the case of a vertical type of retort the inert heating £as may readily be 
forced or drawn through the charge. It is difficult, however, to diffuse the gas 
adequately. It tend p s to pass up fissures through the material, and, taking the 
line of least resistance, t fail^ to carbonise the material ipiiformly. The original 
Del Monte patent was basted dn this principle, which was indeed proposed by 
Parker as farjmclcas 1890; ajid, although extremely satisfactory results could 
occasionally be obtained, . f he lack qf uniformity in the residual products was so 
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great that thi^ type of retort was eventually scrapped and an eternally heated 
type, adopted. v It is doubtful, however, whether the experimental work in these 
early days was sufjiciently under scientific supervision to form a criterion for future 
developments, since the later work of Maclaurin on a somewhat similar retort 
holds out great promise. Probably this difficulty may be overcome to a great 
extent by paying sufficient attention to the adequate sizing of the material. 

Parr and Olin 1 also give interesting results obtained by this type of heating ; 
but, since small-scale plant only was employed by # them, the results are mu strictly 

comparable with those obtained in a plant on a commercial scale . 

• •> 

AMOUNT OF GAS REQUIRED FOR INTERNAL HEATING 

Owing to the small specific «heat of producer gas it is necessary to determine 
very carefully, whether the amount of gas necessary to carbonise the charge, to 
remove the products at their final temperatures and to provide for radiation 
losses can economically be obtained. We have already seen that in an internally 
heated system the heating ga c, es dilute the gases of carbonisation, and it is there- 
fore obvious that if the quantity of heating gas required is very great a point may 
be reached wher^ the calorific value is so reduced as to make the mixed gases of no 
commercial value. 

The work of both Maclaurin and Nielsen has shown that if proper steps be taken 
to reduce radiation and other losses to a minimum, a gas of commercial value may be 
obtained. 

TH n q motion may best be dealt with by a consideration of the heat balance. 

If we take for example the case of a retort of the Nielsen tvne where the heating 
medium consists of hot producer gas made in a separate producer, we have entering 
the retort, tlje potential heat of ti.e coal charged and the heat, potential, sensible 
and latent of the producer gifts used. On the other hand, the heat leaving the retort 
comprises the potential heat in the products after cooling to the datum temperature, 
the heat both sensible and latent in the products as they leave the retort and which 
will bL abstracted in the coqjing arrangements, nnd the heat lost by radiation, etc. 

In order to obtain a gas of the highest possible calorific value it is essential, there- 
fore, that the two latter terms should be reduced as far as is possible consistently 
with practical working. From the data indicated above, it is possible to estimate 
the volume of producer gas at any given temperature required per tpn of coal carbon- 
ised, and so to calculate with sufficient accuracy for the purpose of a preliminary 
investigation the degree of dilution to which the rich gas o> carbonisation will be 
subjected. 

» r 

T „. *• 0,Jn ‘ 4 The Cokin g °* Coal at Low Temperature.” BuUdin No. 60, University of 

Ltvhs, 1912. > A > j 
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COMPARISON OF EXTERNAL AND INTERNAL SYSTEMS 
1 ( OF HEATING i 

Having outJined the difficulties of each of these systems of heating, their 
relative advantages and disadvantages may now be summarised. 

Theoretically, internal heating is more advantageous than external- heating, 
since the heating medium is brought into direct contact with the material to be 
carbonised, and the hert transmission is ver y effective and rapid. It is not necessary 
to t-seat material in thin Jay e^s, which, as already pointed out, is a desirable feature 
in retorts heatt'd^f.^ernally. The simple retort thus rendered possible results in 
a reduction in the cap/al cost o' plant and in maintenance and labour charges. 
A further advantage is to be found in the fact that the passage of the seating 
medium through the retort usually assists in carrying off the vapours formed. 

Among the disadvantages of internal heating may be mentioned : — 

(1) The additional condensing plant required through the mixing of the heating 
medium with the gaseous products of distillation. 

(2) (a) The possibility of the material not being coked uniformly in a vertical 
.retort ; (6) the necessity of employing a long horizontal retort in order to 
abstract the heat from the heating medium. 

(3) The difficulty of controlling the temperature gradient through the retort if 
producer gas is used as the heating medium. 

(4) The rich gas ordinarily obtained by low temperature carbonisation is mixed 
with the poorer producer gas used as a heating medium, and the calorific 
value of the mixture, though higher than that of produceSTgas, ’is consider- 
ably less thaa that obtained from an externally heated retort. The extra 
quantity of gas may not compensate commercially for its loss of calorific 
value, and it usually requires a special market. 

The main advantage of heating retorts externally is that this method has been 
very extensively employed in ordinary gas-works and shale oil practice, and that 
the published data of the experience gained can be used as a guide in solving some 
of the difficult problems of low temperature carbonisation. The plant can also be 
designed 60 that the process is under more direct control *"han in the case of an 
internally heated filant. 

w r 



CHAPTER IX 


TECHNICAL PROBLEMS-THE EFFECTS OF STEAM AND 
GASEOUS PRESSURE ON COALS CARBONISED AT LOW 
TEMPERATURES 

• A. THE EFFECTS OF STEAM 

ACTIONS AND REACTIONS OF STEAM AND -HEATED CARBON 

It is well known that steam will react when passed over certain strongly 
heated reducing agents. The oxygen in the steam vomuincs vith the reducing 
agent, the final products of the reaction being formed ip h^hite relative pro- 
portions which depend upon the conditions, such as tcmperfu-iire and concentration, 
or percentage volume, of the various gases present, and also upon whether there 
is sufficient time for equilibrium to be established. When the reducing agent is 
carbon, the products of the reaction are hydrogen, carbon monoxide and carbon 
dioxide, which will be mixed with a certain proportion of the steam left undecom- 
posed. Tw t o primary reactions take place, according to the temperature of the 
carbon and the concentration of the gases, which may be represented by the 
equations : H,0+C* H 2 +CO . . . . (1) 

* 2H 2 0 + C 4= 2H 2 + C0 2 . . . . (2) 


In addition to the above primary reactions, there arc many others taking 
place between the various products and the carbon and steam, of which perhaps 
the most important are * C+C0 2 ^2C0 . . . . (3) 


H 2 0 + CO * H 2 + CO, 


0 ) 


As indicated by the equations, each of the above four reactions is a balanced 
reaction, i.e.,one capable of proceeding in either of tw r o directions according to 
the existing physical conditions. , 

If any of the above reactions took place alone, using definite amounts of the 
reacting materials, the final mixture would adjust itself at any definite temperature 
according to the law 7 of mass action, until the reacting materials and products 
were present in certain definite proportions, ptov'ded sufficient time were given 
to allow equilibrium t.e*be established. 

In the case of th** i c action shown in equation (4), which^ is known as the water 
gas reaction, if we start with definite amounts of whe four reacting gases, equili- 
brium will be established when the*product of the ‘percentages by volume of carbon 
monoxide and water is equal to the product of the percentages by volume of 
carbon dioxide and hydfogen, multiplied by a constant K* 


or K — 


centage of CO X percentage of H 
'centage of C0 2 x 
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The numerical value of K, the equilibrium constant, is a fixed quantity for 
each temperature. 1 ( t < * 

Experimental values of K for given temperatures are as follpws : — f 

Temperature °C. . 70j) 800 900 1000 1100 <1200 

K 0-55 0-86 h25 C65 M0 2956 

I 

In any process involving a nimber reactions, taking place simultaneously, 
tbefiinal product will Obviously depend largely upon the relative speed at which 
the equilibriunwq£jbhe separate ‘reactions tends to establish itself. In the water 
gas process the temperature coefficient of reaction ( % I) is greater than that of 
reaction (2) with the result that production by reaction (1) is favoured ut high 
temperatures. It can also be shown that at ‘temperatures above 600° C. the 
equilibrium of equation (4) is very rapidly established. At temperatures above 
1000° C. therefore, we find that the effects of (1) and (4) predominate, and those 
of (2) and (3) are comparatively small. This also is the case at the lower tempera- 
tures if pure carbon is used, but if coke is employed reaction (2) is greatly 
accelerated, probably by the presence of catalytic materials, such as iron oxides 
in the coke. The velocity of reaction (3) is comparatively skny, and its effects 
are negligible. 

In water gas practice, therefore, reactions (1) ahd (4) appear to predominate 
above 1000° C. whilst reactions (2) and (4) predominate at temperatures below, 
say, 700° C. , 

An examination of (1) and (4), together with the given values of If, shi^v that 
the percentage of carbon monoxide is high and that of carbon droxide low at high 
temperatures, whilst tile percentage of carbon clioxide is high and that of carbon 
monoxide low at low temperatures (700° C.). r , , 

It will also be seen that, if a water gas rich in carbon monoxide is required, 
an excess of steam is to be avoided, since by equation (4) the steam when in equili- 
brium is in inverse ratio to the carbon mopoxide ; also excess steam, by lowering 
the temperature, reduces the valufc of K and so agaj^n tends to the formation of 
excess carbon dioxide. 

PRODUCTION ON WAVIER GAS AND Po\vER GAS 
In practice fVater gas fs formed by passing the steam through a deep incan- 
descent fuel bed in* a producer. A certain amount of cafbon dioxide is formed in 4 

< 

1 The relation between Kyithe hea|. of reaction and a he temperature is defined by the Van ’tHoff 

equation - ^ ~~ in which Q is the (positive) heat pf reaction at the absolute temperature T, 

and R It the gas constant ( — 1.985 cal&rtes). For further detailshhe reader is referred to any stan- 
dard book on physical chemistnf * 

• 1 • r '■ 
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the lower part*of the bed, in addition to the carbon monoxide ^represented by 
equation (2), according to the Equation 

• 2H a O + C = C0 2 + 2H 2 .... (5) 

Tliis carbon dioxide is subsequently reduced to carbon monoxide while passing 
through the ufiper part of the fuel bed, according to the equation : — 

• C0 2 + C t= 2GO # . . (6) 

Apart therefore from the impurities in the water gas doe t * the fact that the 
fuel used may only contain 90 per cent or less carbon, it o 'Vo “be expected that 
circumstances will arise in practice when the whole of the carbon dioxide is not 
reduced # to carbon monoxide. Thgre is always therefore a certain amount of carbon 
dioxide and other inerts in the resulting gases. 

The other factors to be taken into consideration are : 

(a) The reactions (1), (2) and (3) are endothermic in character, and 

(b) They do not occur if the temperature of the carbon falls below a certain 
minimum. In the case of 'reaction (2), that is in the formation of carbon 
dioxide, the minimum temperature is about 600° C. In the formation of 
carbon monoxide, a slightly higher temperature is necessary. Unless 
therefore heat is supplied to keep the temperature of the fuel above the 
minimum given, these reactions do not occur. 

Water gas producers *are generally worked upon an intermittent system, that 
is, the gas niaking*period, termed the “ rim ” during which the temperature of the 
fuel falls considerably, is folio wed* by a period of heat recuperation, technically 
known as the “ blow.” During the “ blow,” the steam is replaced by a blast of 
air, the oxygeS of v^iicli combines with the carbon, mainly to form carbon dioxide. 
This is an exothermic reaction, and by the continuance of the “ blow ” for a certain 
period the temperature of the fuel and the surrounding brickwork is increased 
preparatory to the gas -making period again commencing. 

Alternatively a power gas? though no£ waterage, may be produced by passing 
steam and air (or oxygen) continuously througny* producer. When correct pro- 
portions of steam and r.lr are admitted, the'eiidofc\*rmieity of ore set of reactions 
may be balanced by the exothermicity of the other, and the temperature of the 
fuel thus kept constant. While it i^not necessary to discuss further the production 
of water gas or of power gas in producers, above digression if perhaps permissible 
in leading to a clear coii^rehension oHhe effects on thtf charge inflow temperature 
carbonisation when, as is sometimes done, steam in lunifed quantities is fed to the 
discharge mechanism in ord^r to keep the metaj' parts cool and prevent the 
escape of gas (Turing the period when the retort doors ai^ open. 
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ADVANTAGES OF STEAMING FOR HIGH TEMPERATURE 
1 CARBONISATION 1 

if 

The advantages of steaming for high temperature carbonisation are unquestion- 
able. The work of the Fuel Research Board 1 and that of the Gas Investigation 
Committee of the Institution of Gas Engineers, 2 show that increased therms in 
the form of gas, and increased (Quantities of tar and ammoniacal liquor are to be 
obtained by this method, although the 'quantity of coke is reduced. Sir George 
Beilby, from his long expei iencc in steaming charges of shale in the Scottish shale 
oil industry, as' s CTTnl as from results obtained at H.M. Fuel Research Station, is 
of the opinion that hign temperature vertical retorts should never be worked with 
le66 than 5 per cent of steam, and this percentage has in fact been adopted as the 
datum line for all future experiments in this connexion at H.M. Fuel Research 
Station. 

One factor of great interest in the results obtained at H.M. Fuel Research Station 
which should be mentioned at this stage is that, in all the coals tested, an increased 
yield of therms in the gas was obtained at a decreased expenditure of heat, with 
the use of 3 per cent of steam as compared with the yield obtained when no steam 
is supplied. The explanation lies in the fact that heat is abktrahted from the hot 
coke at the bottom of the retort owing to the action of the steam which is converted 
into water gas. There is usually no necessity for quenching the coke, which leaves 
the retort at a much lower temperature when a small amount of steam is used 
than when there is no steaming. 

m 

EFFECTS OF STEAMING IN LOW TEMPERATURE PROCESSES 

The advantages of steaming for low temperature carbonisation are, however, 
more problematical. If the temperature of the charge does not exceed 000° G\ 
the decomposition of steam by carbon is practically negligible. In any case, the 
formation of carbon dioxide rather than carbon monoxide, is favoured, and thus 
the calorific value of the gas is ‘/ educed. Any beneficial action of the Steam is 
probably either physical or ner hanical rather than chemical. The continuous 
or occasional admission of stcc.n near the coke exit of the retort cools the coke 
prior to its removal, and thu^ tends to increase the efficiency of the process. It 
also protects th? material of the retort by reducing the temperature at the coke exit 
where otherwise the heat ypould often be greatest. A further advantage of steaming 
is that the heat enei-gy absorbed by the' steam in its earlier path through the retort 
is diffused at a later stage, ^hd the steam may therefore be said to assist in conveying 

1 Fuel Research Board. Report for years 1920, 1921 ; 'First Section : “Steaming in Vertical Gaa 
Retortu” (H.M4j3tationery Office.) •» a 

8 Institution of Gas Engirt era : Fourth Report of the Gas Investigate Committee, 1920. 
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heat uniformly to the charge and in securing a more satisfactory heat gradient 
through the refort than would otherwise be obtained. Finally, Ahe passage of 
steam’ through tlie charge assists in sweeping away the vapoifrs of carbonisation 
as thfey are formed.* If coal contains little moisture the ammonia escapes condensa- 
tion and a scrubber is necessary. If steam is present the ammonia is more 
completely condensed without scrubbing. In using a scrubber the liquor would 
be too weak to be of any value. % 

When the carbonising temperature in tire neighbournood of 700-750° C. 
chemical reactions . do probably exert some influence on the resulting products # of 
carbonisation, partly in t a slight increase in the gas yield, and partly in a slight 
increase in the amount of ammonia recovered. The increase in the ammonia yield 
at hightteijiperatures due to steaming is well known, and at lower temperatures 
there is also a slight advantage fti steaming. The amount of ammonia yield in 
low temperature *work is, however, so small even with steaming, that it is probably 
only in plants with a large throughput that steaming may be said to be advan- 
tageous in this respect. 

It is also well known in tbfc shale industry that steaming has the effect of 
preserving the primary products of distillation at low temperatures, and this factor 
is also of importance in low temperature carbonising processes. 


ADVANTAGES AND DISADVANTAGES OF STEAMING 

To summarise, the advantages of using a small amount of steam in low 
temperate york may be said to be : — . 

(1) S learning assists in distributing the heat uniformly tlyrou^li the charge. 

(2) Steaming increases slightly thg yield of gas, but only at the higher tempera- 
* tures ^carbonisation. 

(3) Steaming facilitates the recovery of ammoifia, also at the higher tempera- 
tures of carbonisation. 

(4) Steaming assists in removing the gaseous mod acts of distillation. 

(5) Steaming increases sliglTtly the efficiency (\f the process by cooling the coke 
before its withdrawal from the* retort. 

» * \ 

On the other hand* the disadvantages of steammaare : — # 

(1) The cost of the steam and the extra cost of ir&in&nancc ant* manipulation, 

i.e. power, extra fittings, supervision, etc. * 0 

•. * 

(2) Complete loss of latent heat of steam in the contjpnsing processes. 
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' 9 THER PRACTICAL CONSIDERATIONS ' 

It should be pointed out that the design of retort has an important bearing 
on deciding whether steaming should or should not be adopted. Quite apart from 
the question whether or 1 not steaming is beneficial, horizontal retorts do not in 
general allow the steam to be brought into that intimate contact with a mass of 
incandescent coke whicli is desirable for Uie full effects of steaming to be realised. 
In^he case of the Chiswick ( retort for example (page 199), the introduction of steam 
for uniform reaction upon the whole of the coke residue is hardly feasible. Steaming 
may more effectively fre employed in vertical retorts,* but 1 even then in particular 
cases the beneficial effects of steaming could not be fully realised. It appears 
therefore upon close examination, that local considerations will mainly a&ect the 
decision as to whether or not it is desirable to use a small quantity of steam in 
any particular plant. 

B. THE EFFECTS OF GASEOUS PRESSURE 

J 

EFFECTS OF VERY LOW PRESSURES 

The effects of the extreme limits of pressure, either very low or very high, on 
coal during carbonisation seem to be marked. The earliest record of the effects 
of very low pressures appears to be in the Patent Office records for 1905. In this 
year W. S. Simpson obtained a patent on the claim that sulphur and other impurities 
are removed from coke by creating a vacuum in the vessel cpntain : ng>he coke 
in a highly heated f state. In 1906 he obtained another patent on the claim that, 
when carbonaceous materials are heated in a practically complete vacuum, a 
superior quality of charcoal is produced and impurities removed. . Use has been 
made of low pressure in at least one process of low temperature carbonisation put 
forward, viz. ‘the Tozer retort. (See page 197.) 

Unfortunately few results of experimental investigation on the effects of 
very low pressures have been published ; Taylor and Porte * 1 have fouhd that 
a bituminous coal whicli yi#Me«l a light friable coke when slowly heated at 
atmospheric pressure yielded a^tiense .coke when heated qt a pressure of less than 
30 m.m. A probable explanation of this phenomenon is that the gas is rapidly 
removed when formed, add therefore there is not time for the development of a 
large bubble structure. 

e 

1 Taylor and Porter. “ The^rinrary Volatile Produc ts of the Carbonisation of Coal.” Tech. Paper 
140, Amer. Bureau of Mines. 




PRACTICAL ASPECTS OF A VACUUM SYSTEM OF CARBONISATION 

There are, however, othei advantages of a vacuum sysSem which are less 
questionable. Theifc may be thus briefly summarised 

# (1} The removal of the gaseous vapours is facilitated, and any heavy tars formed 
need not condense within the retort to the same extent as in other processes. 

(2) The removal of air in the retort^ particularly in !m ^intermittent process, 
reduces the likelihood of the oxidation of the products of carbonisation. 

(3) The reduction of the pressure within the Retort may possibly increase the 
virtual tempera1«i r e*of carbonisation by the reduction of the boiling points 
of the volatile substances once their temperature tSf formation is reached, 
fee* ce the same results a^e possibly obtained by a vacuum process with a 

flue temperature lower than that of an atmospheric process, ceteris paribus. 

• 

It must be said, however, that the above advantages are likely to bo theoretical 
rather than practical, and claims for increased gas or oil yields by vacuum processes 
have not been fully substantiated. On the other hand, the disadvantages of working 
on a commercial scale witli a ki$h vacuum are important. These may be thus 
summarised : — . % 

(1) Greater capital cost of giant. 

(2) Increased operating costs, due to the extra pumps, etc. 

(3) Increased difficulties in maintaining air-tight joints, some of which must 
be frequently broken and re -made ; as, for example, at the inlet and outlet 
sfcth^ charge. 

(4) Danger of air-leakage inwards, with the consequent dilution of the rich 
low temperature gas and possibly the attendant risk of accidental explosions. 

« # • 9 

It would appear therefore that the only substantial comrdercial advantage 
of a vacuum process consists in certain cases in the production of a dtnse coke and 
a tar which has suffered the minimum amount of cracking within the retort. As 
this advantage may#be secured by other and ntrhaps simpler methods, it is not 
surprising that the development of a vacuum 'system for a commercial process 
of low temperature carbonisation appears to be a\omewhat remote contingency. 

EFFECTS OF HIGH TRI^SUJtE ’ 

It has been known r some time that the 'distillation of petroleum under 
pressure serves to break down or “ crack ’'•the high-boiling fractions, and so may 
increase the value of th^ products. Nearly thirty ^ear$ ago Dewar and Redwood 
patented a process based on this .principle, though commercial use was not made 
of the patent. # On account offthe increasing demaAd for gasoline for ilie automobile 



, • i^8 ( LO^ TEMPERATURE CARBONISATION 

industry, and the desirability of obtaining substantial yields of low-boiling fractions 
in the distillation of petroleum, the problem was ta(Jcen up by Burton in America 
about 1910. Burton’s first experiments were in thd direction of superheating the 
high-boiling petroleum residues at atmospheric pressures. It vf&s found, howdVer, 
that “ cracking ” by this ( method turned the aliphatic hydrocarbons into aromatic 
bodies and fixed gases ; that is, the general molecular structure of the original 
material was altered. The use of reagents and catalysers was fairly successful, but 
involved a substantial* loss of oil iiAhe process, and whs, moreover, costly. Eventu- 
al iy\a process of distillation under a pressure of about five atmospheres was evolved 
in the laboratory, which on being worked on a commercial /scale gave good results, 
and the pressure -still industry is n^w firmly established. 

There are, however, limits to the Buxton process and its modifications. , Clacking 
processes are not uniformly successful with heav^ oils and with those containing 
high percentages of asphalt. In these cases there is a tendency for hydrogen to 
separate and to leave a deposit of carbon. The deposition of carbon is not only 
troublesome mechanically, but involves a 6erious reduction in the efficiency of the 
process. c 

The deposition of carbon may be reduced by the introduction of hydrogen 
into the process, and Bergius claims that, by a cracking process at high temperatures 
and high pressures in the presence of hydrogen, there is a reduction in the carbon 
deposit without having recourse to catalysts. The pressures used by Bergius are, 
however, so great as to preclude any immediate application of his system for the 
hydrogenation of oil and coal to the problems of low temperature carbonisation. 

PRACTICAL' ASPECTS OF A HICiI PRESSURE SYSTEM 
OF CARBONISATION 

*» J i 

The most interesting development of the work of Bergius in connexion with the 
carbonisation* of coal is in the liquefaction of coal by the method which has already 
been described (page 47). It is stated that* the technical difficulties of the process 
have been largely overcome, and^that a plant on a semi-wtaks scale is now in 
operation at Mannheim for the conversion hi bituminous coal into light oils. Granting 
that the work has been successful from the laboratory standpoint, and that suitable 
precautions can be taken to nfiniinise the serious risks of explosions and fires, it 
would appear that the capital ihost of the plant must necessarily be high, and the 
working costs, including the cost of the hydrogen, are lik' ly to be excessive. This 
process, although of intense scientific interest, can therefore scarcely be of great 
industrial importance until, it -has been suitably developed to meet the economic 
conditions of the day. 
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PRESSURES ADOPTED IN PRACTICE - 

In practice tl ^withdrawal of the gas and oil vapours is generally secured by 
keeping the retort under a pressure which is slightly below atmospheric. The extent 
to which it is desirable to reduce the pressure below the atmospheric pressure depends 
very largely ifpon the number and type of joints on the -plant which must be kept 
air-tight, and also upon the material usgd for hJie retort/ ^ith the exception of 
the two processes to which reference has already bqen madcj it is found that plants 
are usually arranged to work under a partial vacuum which does not greatly 
exceed 2 inches of watet pleasure. 



CHAPTER X 


OTHER TECHNICAL PROBLEMS 

k 

INTRODUCTORY c 

Having how dealt with some of the broad general principles which affectthe 
design or selection of a plant for low temperature carbonisation, it is desirable 'to 
consider shortly some other features of the process. Many of theB0 have already 
been referred to in thq mbre genera^ discussions. The various points for consideration 
in £ subject such as the present are so interrelated as to make it difficult to take 
them singly without a certain amount of duplication and overlaying in the various 
sections. The advantages of this method of treatment are, however, very great, 
and the present chapter \» i 11 h*>‘de\oted to a sectionalised treatment of the following 
points, some of which have already appeared as side issues in the discussion 6f wider 
aspects of the problem, viz. : 

(a) The effect of the change of volume of the charge. 

(b) The withdrawal of the oil vapours. 

(c) The control of the temperature of the charge. 

(d) The conservation of heat. 

(e) Simplicity of the construction and operation of the retqrt. 

(/) The reduction of capital, maintenance and labour costs. 

SWELLING AND NON-SWELLING COALS 

Amongst other classifications we have seen that, for ‘the purposes of low tem- 
perature carbonisation, coal may be divided into two groups accdxdklg to the 
relative volumes oS. th$ original coal and the resulting coke, after carbonisation at 
low temperatures. In the first group may be placed the so-called “ swelling ” or 
“ expanding ” coals, the volume of the resulting coke being greater than that 
of the original coal. The second group consists of th°e non-swelling coals, in which 
the volume of the resulting coke is equal to or smaller than that of the original coal. 

It should be noted that, although thesd groups are sometimes termed “ expand- 
ing ” and “ non-expanding,’ ’ these descriptions art somewhat unsatisfactory, as 
they may leave the wrong impression that thj actual coke substance is of different 
densities in the tjvo cases. The 5 coke substances seem to ha>ve in fact equal densities, 
and the apparent “swelling ”^or “.expansion ” is due to differences of structure. 
It is not necessary, at this sCge, to enlarge upon the point, and enter upon a full 
discussion of coke 1 structure and the theories ot coking, a* study which will be better 
treated in a sepal ate chapter It may, however, be desirable in passing to refer to the 
microscopical work of Sir Geotge Beilby, whS showed that the cell structure of coke 
is due to the evolution of gas bubbles from the fused or partially fused coal 
( substances. The first stage in the structure is the formation of foam, in which 
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each bubble is a self-contained cell. Eventually mutual perfoAtion of the bubbles 
occurs at the points of contict, and through the holes thys farmed the gases 
ultimately escape \o the exterior of the sponge-like mass. 


* SWELLING COALS • 

When coking coals are heated, they contract a little at first, but swell on further 
heating. At a still higher temperature however, they undergo a secondary con- 
traction which is characteristic of coking proper. The initial contraction is pos‘*bly 
due to the melfing of certain material which occurs at a temperature of 
350° 0.-450° C. according to the constituents in the coal. If the temperature of 
the corl is uniform throughout the mass, the whole change is fused together. When 
more heat is applied gas is given off, forming bubbles which increase the volume 
of the substance by an amount greater than the original contraction. As the 
temperature is further increased and the volatile products are driven off, the 
secondary contraction occurs. 

It is well known, ho *vever, ffiat the swelling of coals at the lower temperatures 
of carbonisation causes difficulties in the withdrawal of the coke made at those 
temperatures. When the swelling is restricted, a dense coke suitable for U6e as a 
domestic fuel is the outcome. The swelling may, however, be so much greater than 
the initial contraction that a considerable pressure is exerted by the coke on the 
walls of the retort. The charge may thus be held up at the time of discharge. 
This difficulty has been^ experienced from the earliest times in the history of low 
temperature carbonisation, and constitutes a factor which must be recognised in 
the design of any type of retort or in the development of any particular process. It 
may be overcome by mechanical means, as, for example, if? I fie collapsible moulds 
of Richards ayd Pryigle, 1 or in the collapsible centre plates of the Low Temperature 
Carbonisation Company’s report at Barnsley. The fact that these devices were 
adopted after experiments had been conducted on simpler typea of retorting 
arrangements is in itself a sufficient indication that the problem demands attention 
in any 4ull-scalc plaint. The more recent work this question of obtaining a dense 
coke indicates, however, that a solution may be obtained in a simpler manner 
by physical or chemical rather than by mechanical means. In considering any 
mechanical device fqr reducing the difficulties due to the swelling of the charge, it 
should be borne in mind that labour costs must be induced to the minimum. 

• « 

NON-SWELLING COALS ' , 

In the case of the nofi -swelling co&ls and such ^rbenafteous materials as shale, 
cannel, etc., the coke residue is usually non-coherent and friabl?, an<^ the problem 
1 Richaraa and Pringle. Pat. gpee. 27828 (1909). 



132 ' LO^ TEMPERATURE CARBONISATION* 

of the carbonisatiof. of the material is considerably simplified. It may be stated as 
axiomatic, indeed, that a plant which does not fiunfcion for non-sjvelling coals will 
be useless for swelling coals. The special problems f of the non^welling coals need 
not therefore be discussed in this section. " 

c 

PRELIMINARY TREATMENT OF SWELLING COALS 

o 

It has already be c en indicated' that a 'solution of one of the difficulties in the 
carbonisation of swelling c<?*al lies in the stopping of the swelkng by other than 
mechanical means. Three methods, involving a preliminary treatment of the coal, 
have been suggested, vi^^^— r m 

(1) Blending caking with non-caking coal. 

(2) Blending coal with coke breeze. 

(.3) A preliminary heat treatment of the coal. 

Aspects of these will be dealt with in the succeeding paragraphs, but a fuller 
examination will be made in Chapter XI. t 

TITE BLENDING OF COAL 

It has been found that the blending of coal, i.e. the intimate mixing of fusible 
and less fusible coal, is a ready method of checking excessive foaming during 
carbonisation, and of ensuring that the resulting coke occupies a smaller volume 
than the original coal. By arranging for the shrinkage Of coal instead of relying 
upon the confinement of coal in a restricted space during carbonisdthtfff, one of 
the most serious dnficvlties in the carbonisation of fusible coals is removed. It is 
interesting to note, however, that the proposal of blending coal is of by no means 
recent origin. The idea seems to have been first covered by Crufckshanks in a 
patent granted in 1841. 

At an early stage in the work at East Greenwich the Fuel Research Board 
utilised the method of blending swelling and non-swelling coals in order to produce 
a dense coke which could be discharged with facility. 

Roberts 1 obviated the swelling of coal b) utilising the ‘excess binder to bind 
inert material, say coke bree&e. The presence of any 'appreciable quantity of 
coke breeze, however, reduces { the amount of virgin coal carbonised per charge, 
and therefore reduces also thV real throughput of the retort. 

In the case of the Barnsley plant, the charge admitteefto the retort is a mixture 
of coking and non-coking coals in the proportion of about 30 : 70. The use of 

non-coking coal has not the disadvantage of ‘coke mentioned above, though the 

( 

1 Roberts, TLj “The Carboniaatufot, of Coal at Low Temperature.” Proc. N. of Eng. Irst. of 
'■Min. and Mech. Eng., Aug. 6th, 1921. ' ° 
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expense of obtaining the necessary supplies of eoal for blendifg, and the further 
trouble and expense of adequately mixing the coals, have to Jbe faced when con- 
sidering the commercial possitfllities of the method. 


PRESENT POSITION REGARDING BLENDING 

The following quotation from the previously mentioned Report 1 may be given 
as representing the position at the present time Regarding bleu ding : — 

“ We have/dready referred to the fundamental importance of securing the 
volatile products, g$s and oil, in maximum quantity and of the best quality 
if low temperature carbonisation is ever to bt wyritd out on a really large 
industrial scale. This need not be taken as implying that the mixture of coke 
with coal before carbonisation is in no case desirable, but only that the use of 
this method must be carefully scrutinised before it is adopted in any particular 
case in which its economic advantages may possibly outweigh its disadvantages. 
That there are cases of this kind no expert in carbonisation could deny. 

“ We arc well awar$ of the practical and economic difficulties which are 
involved in any general adoption of * coal blending ’ in place of the present 
crude methods of using so heterogeneous a material as coal as when it is mined. 
We believe, however, that it will be increasingly recognised that the advantages 
of insuring homogeneity and uniformity in any form of solid fuel (thereby 
rais ng the availability of its potential heat value to a much higher degree) are 
so great that these difficulties will ultimately be faced and overcome.” 

* # • 

TILE PREVENTION OF EXPANSION BY OXIBAllON OR BY 
PRELIMINARY HEAT TREATMENT 

• • 

Several other methods lupve been suggested from time to time for modifying the 
properties of swelling coals by preliminary treatment. It is well known, for instance, 
that, if certain types of coal are subjected to oxidation, their coking power maybe 
considerably modified!, and indeed completely destroyed. In a discussion on the 
spontaneous combustion of coal, Bone 2 describes som v e experiments on the absorption 
of oxygen by a Durham^coking coal" and a JIarnsley' “ hard steam ” coal of almost 
the same ultimate composition. In these experiments oxygen dried over calcium 
chloride was circulated continuously over a weigh^l sample of ground coal pre- 
viously dried in vacuo o^er sulphuiic acid. The experiments continued over three 
t° f° ur weeks at a mean temperature of I$8° C. In both cases the two oxides of 
carbon were continuously produce^ a»d oxygen wag.absorbed, although action was 

1 Fuel Research Board. Report fetr Years 1920, 1921; Second Section: “Low Temperature 
Carbonisation.” Oi.M. Stationery jjlffice.) * * 

a Bone, W, a. : Coal and its Scientific Uses. Chap. JX. (Longmans, Green & Co.) 
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more marked in thi. case of the Barnsley coal. Bone points out that the “ coking 
properties of each coal were completely destroyed by the treatmen+'to which it had 
been subjected.” r ( 

Roberts 1 describes experiments on Silkstone coal ground to 30 mesh and heated 
at temperatures up to 110° C. for a considerable period in an air oven, in whihh he 
was able to produce a material which on subsequent coking under low temperature 
conditions yielded a goou low tenjperaturg coke, although the original coal was of 
the (| f-ype which could be classed as strongly swelling. 

As far as can be seen ac present, however, the method of Oxidation does not 
seem likely to be of commercial application, owing to the time required for the 
preliminary treatment anti Chr difficulty likely to be experienced in controlling the 
amount of oxidation. Again, the method is only applicable to coals which possess 
an excess of binding constituents. The quantity of such coals available is limited, 
and from the broadest point of view it would appear more desirable to utilise the 
excess binder to produce good quality coke from materials which, while yielding 
considerable quantities of oils and gas, are deficie? t in binder, and so do not by 
themselves produce smokeless fuel. 

Reference has already been made in Chapter V to the work of Dr. Illingworth, 
who has succeeded, by means of a small scale plant, in producing hard low tempera- 
ture coke by submitting coals otherwise unsuitable for low temperature carbonisa- 
tion in their raw state to a preliminary heat treatment. Illingworth, 2 adopting the 
Seyler classification, states that coke structure is formed in stages by reason of the 
successive decomposition of the several types of “ gamma Compound,” or cementing 
ingredient, and that the carbonaceous coals are one-stage coaK Th6‘*meta -bitu- 
minous coals are a&o me-stage coals, but tend, to become two-stage coals as the 
C/H ratio decreases. The ortho-bituminous coals are definitely two-stage coals, 
tending to become three-stage coals with decrease in C/H ratio, while the para- 
bituminous apd lignitous coals are three- and four -stage coals respectively. 

Illingworth also points out that, where a low gradient of temperature is employed, 
as in the subject under consideration, the sfages in the process are w T ell marked. If 
the mass be very plastic over the period of the earlier stages, the products evolved 
during these stages will pass a' ?ay freely, and so will have little effect in causing the 
charge to swell. 7f the mass is Very viscous, these products* are trapped and tend to 
cause swelling. • 

Illingworth states that “ plasticity is determined by the amount of gamma 
compound present,”, and terms the temperature at which the “ gamma content ” 
is finally decomposed “ the critical temperature.” If the critical temperature is 

1 Roberta, J. : “Economic ^Aspects of Low Temperature Carbonisation . ° Proc. S. Wales Inst, 
Eng 1922. 

* Hlingworth^S. R. : “Low Temperature Carbonisation of Proc.S. Wales Inst. Eng., '922. 

Illingworth, S. R. : “ Researches on the Constitution of Coal.” The Colliery Guardian Co. Ltd. 
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low, and the “ gamma content 55 is also low, the swelling of tie coal is small, and 
such coals give'/ood low temperature coke. ^ • 

In the cases two- or three-stage coals which contain binding material which 
decomposes over a wide range of temperature, Illingworth eliminates the less stable 
constituents by suitable heat treatment, so that the inorg stable only are operative 
in the subsequent carbonisation. Such coals arc thereby converted to one-stage 
coals, with the result that they then produce robust types of low temperature 
coke. Illingworth /has also found that the fess stable constituents have very 
inferior powers o f agglutination, and that in eliminating such from the coal*the 
coking qualities are not seriously impaired. He also considers that the preheating 
of coal under suitable conditions produces a mu h better fuel in all cases, even 
from blends of coking and non -coking coal. 

The method of preparation °of a single coal by pre-heat treatment of course 
shares the disadvantage of processes which destroy some of the binding material 
in an attempt to obviate excessive foaming, but offers an alternative method of 
preparation in cases where a supply of non-coking coal is not readily obtainable. 

THE WITHDRAWAL OF THE OIL VAPOURS 

The early withdrawal of the oil vapours from the retort after their formation 
is desirable for both physical and chemical reasons. From the physical standpoint 
the early withdrawal of the hydrocarbon gases means the saving of a certain 
amount of heat. Any heat supplied over the minimum necessary to form the 
vapours gase| is wasted, since the gases are in general condensed and cooled 
before being further utilised. A low final temperature of ^he fvolved gaseB there- 
fore not only throws less work on the condensing plant, but also assists in increasing 
die efficiency«of thfc heating arrangements and in decreasing the time of carbonisa- 
tion. • • 

From the chemical standpoint the gases and vapours should not be subjected 
for long periods to radiant heat, and it is desirable to prevent them from coming 
into contact with tlie hot walls of the retort, or from passing for any appreciable 
distance through the -Iiot charge, in ( ord<k to avoid v un due “ cracking ” and decom- 
position of the gases aiyl oil vapours. It is well known that the volatile products 
of one temperaturemre readily decomposed at a higher tejmperature. This may 
be sometimes desirable in gas-works practice, whin gas of the declared calorific 
value is the main produtt, and is lometimes indeed, ddiberatdy done in order to 
“ crack ” the higher hydrocarbons into tlfe lower with the deposition also of free 
carbon. In the case of fow temperature carbonisation, it k necessary to reduce the 
free space above the charge a minimum in order that the oil vgjpours will be 
witndrawn from the retort as^peedily and unifornfiy as possible afterttheir formation^ 
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Oil vapours can in general, be withdrawn from stationary horizontal retorts 
sooner after formation than from rotating and vertical retorts. If ''the material is 
progressively advanced through a horizontal non-rotating retort, eduction pipes 
can be conveniently placed for the withdrawal of gases. It is true that a fractidfcal 
distillation occurs in a continuous vertical high temperature retort since, with an 
open charge, the products of carbonisation have to pass through no higher tem- 
perature than that at «which they are evolved. It is, however, important to 
differentiate between f the behaviour of the condensible and the non-condensible 
gases during this process. (The non-condensible gases are pro^bly not affected, 
but the condensible gases, passing upwards through th§ cool portion of the retort, 
will be subjected to a contpk Series of condensations and re-evaporations which 
cannot be beneficial to the lighter fractions of the oil vapours. On the other hand, 
by having the eduction pipes suitably located, the* condensible and non-condensible 
vapours can, in the case of a horizontal retort, be withdrawn into a condensing 
chamber at practically the same temperature at which they are formed, and with 
a minimum of condensation within the retort. It f js quite certain that the frac- 
tional distillation of the continuous vertical high temperature retort does not in 
practice give the same quantity or quality of oil yield which may be obtained by 
low temperature carbonisation. 

Although eduction pipes can be more suitably placed on horizontal than on 
vertical retorts, the fractional condensation of the oil vapours should not be 
attempted. It has been demonstrated again and again that it is not possible to 
condense the oil vapours fractionally with any degree of commercial success. 

THE CONTROL* OF THE TEMPERATURE OF THE CHARGE 

Sufficient has already been said about the carbonisation of coal to indicate the 
desirability in low temperature .work of keeping the. temperature of the charge 
below an uppCr limit. It is as desirable also to prevent local overheating, or indeed 
local underheating. The use of a very high flue temperature in an externally 
heated retort in order to reducp the time of carbonisation of the charge would 
demand a very careful control o^ T er the process yvhich could probably not be realised 
in practice. 1 . * 

It would appear thpb temperature control is likely to be exercised better in a 
continuous thamin an intermittent process. In a continuous process not only 
should the temperature of the heating medium be under control, but also its volume ; 
or in other words* arrangements should be made so that the quantity of heat avail- 
able for carbonising purposes can be adjusted “faqi time to time to allow for varia- 
tions in the quantity and physical characteristics of tin, throughput. The compactness 
ojf a retort is a farther feature which facilitates a good control over the temperature. 
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No attempts have yet beeaj made on a full-scale plant to vlry the heat supply 
to a charge during different phases of its carbonisation. The ^pects of slow and of 
rapid heating of ^oal at various temperatures have already been discussed (page 
96)? but so far the beneficial effects of slow heating up to 200° C. and of 
rapid heating after 400° C. have not been utilised on any practical scale. Un- 
doubtedly th are are difficulties in carrying out a suggestion of this sort, but these 
difficulties do not appear to be insuperable in certain designs of retort which have 
already been suggyted. 

It should be^pinted out that variations in J;he heating temperature are less 
likely to occur in firc-fyrick than in metal retorts because of the quantity of heat 
stored in the larger bulk of the former type of retoit . This advantage is more than 
offset, however, by the greater liability of the brick retort to develop leaks. 

THE CONSERVATION OF HEAT 

Heating losses by radiation and convection, and in the flue gases and the 
discharged coke should be reduced to a minimum. If it is absolutely essential to 
utilise the non-condensible*gases to heat the retort, particular attention should be 
paid to the location and design of the burners. In many of the processes for low 
temperature carbonisation which have been tried, particularly in retorts of the 
horizontal type, this seems to be a very common source of weakness. 

From the standpoint of heat conservation it would appear that a continuous 
process is likely to be more successful than one of an intermittent nature. In the 
latter thejetort is cooled each time a fresh charge is put in, and the temperature 
difference betweeff the flue gases and the carbonising mate|lal is different at 
different periods of the treatment: The rate of heat flow^to wards the end of the 
treatment i\ ^herelpre very small. • On the other hand, each part of a retort in a 
continuous process remains <^t the same temperature, and the retort may therefore 
be designed so that the exit temperature of the flue gases is continuously at a 
minimum. Incidentally the life of a retort working under steady conditions is 
likely to be longer than that of one working undfcr intermittent conditions. 

SIMPLICITY OF TIIEjCONSTRUCTION AND ORATION OF THE RETORT 

To reduce liability to break down and tlqj consequent maintenance costs, the 
machinery must be simple and as “fool-proof” al possible. In •particular there 
should be a minimum df working* parts, such as knuckle -joiptfs, etc., exposed to 
high temperatures. Provision should be made for tl^p expansion and contraction 
of the retort under varying tenjj^ratures. The phut* should be capable of con- 
tinuous operation for lengthyffefiods, and not require frequent, attention for small 
repairs. It if# desirable tliai? control of temperalure should be possible at Various 
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parte of the retort, I nd local overheating of the material should be carefully guarded 
against. The jetoYt should be air-tight as the presence of air only destroys 
the coke but dilutes the gases and spoils the oil products. , Leakage outwards 
increases the difficulty of controlling the temperature owing to the presence of an 
uncertain amount of combustible gases in the flues. The plant should reqifire a 
minimum consumption of heat, power and water. 

c 

•* 

THE REDUCTION 0,F CAPITAL, MAINTENANCE AND^ABOUR COSTS 

In order to increase the financial rate of return on^a plant of given size, it is 
obviously necessary that the c/Cpitai expenditure and maintenance costs must be 
low, and that the throughput must be increased to a maximum. 

Low capital and maintenance costs depend very largely upon the materials 
employed in construction and upon the general design of the retort. A plant 
which is bulky for the throughput attainable has less chance of commercial success 
than one of small size. Much of the by-product recovery plant is common to all 
processes and is now largely standardised, hence the costs of any proposed process 
may be appraised in terms of the costs of the retorting plant. Considerations 
affecting these will be discussed later. 

The question of the best throughput for a given size of retort is one which is 
not easily decided. Experimental evidence is required to determine the best rate 
of rise of temperature of the carbonising mass. Speed is of decided importance in 
increasing the throughput, but throughput may be bought dearly if the material 
is only partially carbonised, while the effect of “ stewing ”, at the •maximum 
temperature on a fcomipercial scale may have tfye result of decreasing the quality 
and quantity of the oil yield. The published data of gasworks experience, and 
the procedure in connexion with the shale oil industry of SccJoland, are of great 
value, but this information must be modified to sui; the different conditions of 
working for low temperature carbonisation, and further data from a commercial 
plant are required. 

The size of a imit retort has, also an important bearing upon the capital cost. 
The lower the throughput per imit retort, ^he larger must be 'the number of retorts 
for a given total daily throughput. There are certain advantages to be derived 
from having a large number of units, e.g. a stoppage in one vetort for repairs or 
cleaning need not appreciably Affect the working of the plant, etc., but there are 
also serious disadvantages ttucli as the occupying of more ground space, more com- 
plications in charging and emptying, et<?., all of which tend to increase the capital 
and maintenance costs. • Ii? developing a ne\f"pi^)cess it is essential for the large- 
scale trial to f be made on a unit plant of such a as can be readily duplicated 
to form an economical battery sbbuld success be achieved. If, in orrder to reduce 
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the initial cost, work is done a unit plant of appreciably \<m size than will be 
necessary in thij full-scale plant, the results cannot be directjy applied, owing to 
the^ differences intjpduced by Uhe scale effect. It would appear that the throughput 
of a unit retort, built to try out a process, should bear such a relationship to the 
totaf throughput which is eventually to be carbonised that its multiplication into 
batteries would not render excessive the total number of retorts in any one bench. 

The magnitude of the throughput of a plant has a.'*o an important bearing 
upon the mainteimnce costs! As the overheaTi charges reiuain nearly constant 
for all throughpjjra, it follows that the cost of jetor&ng per ton is less for large 
throughputs than for sjnall 

Labour costs must also be low. The working operations should be simple, and 
the plant- should require the minimum of attention after the final adjustments 
have been made. The process should preferably be continuous in action, so that 
labour-saving devices for charging and emptying the retorts can be easily employed. 
In installing labour-saving machinery, due regard must, of course, bo paid to its 
capital and maintenance costs* A fuller discussion of the economics of the subject 
appears in the last chaptered* th)$ volume. 



CHAPTER XI 


THE PRODUCES OF LOW TEMPERATURE CARBONISATION 

COKE 

INTRODUCTORY 

The study of the behaviour of various types of coal carbonised at temperatures 
up to 600° C. or 700° C. has thrown much light on the influences which determine 
the physical structure and properties -of the resulting coke, ^t has been shown 
that the sponge-like structure results from the simultaneous fusion and evolution 
of gas which occurs mainly between 350° C. and 700° C. It follows, therefore, that 
when coke is produced in ovens and letorts by the immediate application of external 
temperatures of 1200°-1400° C., the successive layers of the coal rn^ass must 
necessarily pass through this stage of fusion and gas evolution. It may therefore 
be accepted that the ultimate structure of high temperature, as r well as of low 
temperature coke, is mainly determined during this stage, and the study of what 
further occurs at higher temperatures, after the fusic^i stage is passed, can be more 
effectively pursued by direct application of these higl^ temperatures to material 
which has been produced by the initial application of the temperature of 600° C. 

A complete study of all varieties of coke is beyond the scope of the present 
volume. It will, however, be helpful to summarise at this stage some of the 
properties of cokes produced by high temperature processes, in order to see clearly 
the fundamental similarities and differences of high and low temperature products. 
The same course will be followed in the succeeding chapter^ dealing with the other 
products of low temperature carbonisation. * 

PRODUCTION OF HIGH TEMPERATURE COKE 

• ) 

It has already been stated that high temperature coke is produced in two 
existing industries, viz. (a) the gas industry, where the production of gas of suitable 
calorific value is regarded as the primary aim, but in which the solid residue usually 
represents the greater proportion of the potential energy of +he coal carbonised, 
and (6) the coke oven industry, *in which ^ the chief object iB to produce a dense, 
hard coke suitable for blast fj/f?nace or^ metallurgical uses, the tar and gas forming 
valuable by-prod vets. 

& f 

CHARACTERISTICS . OF HIGH TEMPERATURE COKE 

( i V 

(a) G*s Coke 

In the gasworks prGcejs fcarbonisation flTHjjrried out in externally heated 
horizontal ovvertieal retorts at temperatures rah^g from 1000°-1300° C. The 
constitution, caforific value and other properties of the insulting cokes depend largely 
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upon tho nature of the coals ^ised in their production, since tSe whole of the ash 
remains in the doke, together with from 1 per cent to 6 per cent o^vol&tile matter. The 
representative proximate analjiscs given in Table XXIV (p. 145) show that a gasworks 
colfe has a composition of some 85 per cent “fixed carbon,” 10 per cent to 13 per 
(fent^sh, 1 per cent to 3 per cent volatile matter, and about 1 per cent moisture. 
The coke for sale usually contains a higher percentage of water than this, and 
contents of from 5 per cent to 15 per cent, according to tlnf conditions of quenching, 
storing, etc., are or frequent* occurrence. Gas coke is a moderately hard, porous 
mass, with roughly rounded surfaces ; in coloujfit u greyish, with a somewhat 
metallic lustre, arid frequently shows a yellowish ^nge. It is softer than oven coke, 
and having been carbonised at lower temperatures, contains rather more volatile 
matter. The use of a strongly caking coal for gas making purposes in some parts 
of the country produces a coke which is sufficiently strong and hard to serve as a 
metallurgical cc&e, but as a general rule gas coke is unsuitable for this purpose. 
On account of the difficulty of ignition, and tho unpleasant smell sometimes 
associated with its com]>ustio5, gas coke is not popular amongst domestic users. 
The difficulty of ignition if; due partly to the low volatile content, partly to the 
high moisture content, and partly to inherent characteristics of structure of the 
coke. «* 


CHARACTERISTICS OF HIGH TEMPERATURE COKE 
(6) Oven Coke 

In thcjjoke oven process the charges are firmly packed in recovery ovens and 
heated to temperatures of 1200° C. or 1300° C. The swelling future of the coals 
used causes pressure to be exertedVm the walls of the ovefl, and the final product 
is a very har^l dci^e coke, which \s capable of resisting heavy weights without 
crushing, h was clearly demonstrated by Dr. Lessing 1 , in 1912, that the excessive 
frothing of certain coals could only occur when sufficient room was given for free 
expansion. If the coal is confined, the large bubbles, which would otherwise tend 
to form an excessively spongy and weak coke, arolnirst by contact with surrounding 
particles themselves confined by the v^lls of tlie retort. The effect is clearly 
shown in the laboratory apparatus devised by losing, in which ground coal 
is carbonised in a vertical silica tube heated externallV A loosc4y fitting plunger 
rests on the coal, preventing expansion, wlfllst c^t tne same tir^e allowing the 
gas to escape through tjie annula# space between tho f plungej and the walls of 
the tube. • • 

# * 

1 Lessing, R. “ A Laboratory MoUkm^To? C omparing the Gflkinf Pfopertios of Coal.” Pror. Inst. 
Gas Kngrs., 13tli June, 1912. See ahj^miel Research Board : Physical and Chemical Survey of the 
Natkjpal Coal Resources, No. 2. meriw Report on Metho^spof Analysis of dbal. ffl.M. Stationery 
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PRODUCTION OF LOW TEMPERATURE COK$ 

In the low temperature process, as its name indicates, the temperatures attained 
in the retorts, which are usually in the neighbourhood of 600° C., are much lower 
than those obtaining in either gas or coke works practice. In most of the present- 
day systems attention is . directed chiefly towards making a coke with certain 
desirable characteristics ‘not usually possessed by high temperature products. This 
can generally only be secured by leaving in the coke d greater proportion of volatile 
matter than would be left iii high temperature coke, and the yMd of gas i6 there- 
fore low. It has already been explained that the fuel oil obtained is of great 
significance, and that the high calorific value of the gas makes up to some extent 
for its relatively small volume, especially in view of its value as an enriching agent 
for low grade gas. 

There are essential differences in the various systems which have been adopted 
for low temperature carbonisation processes, but these fall approximately into 
three main classes, which are described in detail e 5 !se where ; in the first two, the 
retorts arc externally heated, but in the third t t he crashed coal is exposed to the 
action of heat derived from producer gas, which is passed over and through the 
mass of coal. The nature of the cokes produced, both in regard to chemical consti- 
tution and physical characteristics, bears a close relation to the nature and mode 
of preparation of the parent coals, and to the particular method of carbonisation 
adopted, but in general low temperature cokes have a duller appearance than gas 
or oven coke, are softer and more friable, and arc sometimes lacking in uniformity 
of texture. Their chief difference in chemical composition from gas or h^st furnace 
coke lies in their relatively high proportion of volatile matter, which is usually 
between 7 per cent and 10 per cent. The temperatures employed in low temperature 
installations (up to say 650° C.) are so near the decomposition temperature of the 
coal itself, that the treatment which it receives inside the retort has a considerable 
influence upon the nature of the coke produced. As explained in Chapter X, 
non-caking bituminous coals giye cokes which are soft and friable and quite 
unsuitable for transport, while the use of strongly caking coal renders difficult the 
satisfactory design of mechanical details’ of the retort. For satisfactory results, 
therefore, the cog.1 used mus t either be* sufficiently caking to yield a strong, coherent 
coke under the given worl mg conditions, or must be mixed ur blended with good 
caking coals irt such proportions as to afford the necessary strength to the resulting 
coke. The result^ of recent researches have Clearly indicated the important part 
which is played ' by the breaking down* and blending of different types of coal in 
securing those qualities *of l hofimgeneity and^ir^ical texture which are so material 
to any form* of smokeless solid fuel intended for domestic use. The effect, in 

w addition, of briquetting fine coal by subjecting it to high pressures prior to 
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carbonisation is receiving mu^h attention, and it is probable /bat this treatment 
will simplify aj\l cheapen the subsequent operations of carborfsatfon. Experience 
has shown that th$ briquettes produced in this way from certain coal blends may 
lacS robustness, and so tend to break down during the subsequent carbonisation ; 
but ffecent experimental work at H.M. Fuel Research Station has proved that by 
briquetting the same disintegrated and blended coals at. Jemperatures high enough 
to cause incipient fusion of some of the constituents, a Jotyist type of briquette 
may be obtained jftth a coarser material, andV’th a lower pressure than wojjld 
otherwise be required. 1 # 

VARIETIES OF LOW TEMPERATURE COKES OBTAINED FROM 

* DIFFERENT PROCESSES 

• 

In Chapter XVII, details of the plant and methods employed in the various 
types of low temperature carbonisation processes will be given, but the com- 
positions of certain varieties of low temperature cokes, which have been chosen 
as representing typical aarbomsing systems which differ from one another in some 
essential feature, are here £iven m Table XXIV, in conjunction with those of gas 
and oven cokes. Analyses Nos. 6 and 8, the Maclaurin and “ Sensible Heat ” 
(Nielsen) products 'respectively, represent cokes from internally heated retorts ; 
all the others are from externally heated retorts. The coke in Analysis No. 4. 
is that prepared at H.M. Fuel Research Station from a blend of caking and 
non-caking coals in such proportions that a slight shrinkage takes place on 
carbonisation, and no artificial pressure on the fused coal is necessary for the 
formation^ hard toke. A coke of a similar character is that in^.de by the Coalite 
process (Analysis No. 5), wherein coal blending is also employed, but where the 
fuel is in addition confined to son*? extent during carbonisation. In the “ Pure 
Coal Briquette ” process (Analysis No. 9) the coal briquettes -are subjected to 
varying stages of heating ah they pass down tire retorts, and the, method also 
dillers from others in that the coke is finally heated at the bottom of the retort 
to tengperatures wliigh are high enough to reduce the quantity of volatiles to about 
2 per cent or 3 per cent. A? has already been stated, the authors of this process 
consider that the fine cell structure #>f tne cruergen^oke, which will be discussed 
in more detail later, compensates for the lack of Vet tile matter so that the free 
burning qualities of the cokes are not forfeited* 

THE CIIARACrtlRISTICit OF LpW TEMPERATOlffe COKES 
• ^•Coherency •• • • 

The coherency of a coke £ <3? Already been sho\jn to depend jiporgihe presence 
in the coal in sufficient quantity of substane^ which upon carbonisation het as> 
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binding materials other constituents. If this binding material is in excess, steps 
must be taken # to prevent excessive foaming. This ihay be effected in various 
ways, such as by confining the coal, as discussed, above, or <Jby subjecting the 
material to a pre-heat treatment or to oxidation, which will destroy some of the 
binding material. The most promising method, however, is to provide, by blending 
with a non-caking coal, a^ sufficiency of more inert material to absorb .and so utilise 
the excess binder in the swelling coal. 

4 „Figs. 15 and 1G, reproduced by permission of Sir George Beijby, illustrate cokes 
produced from different, coils in»;the laboratory assay apparatus. In Fig. 15, at 
A, is shown the result of carbonising a type of coal (Elliot own Main Breeze) deficient 
in caking power, the residue taking the form of a non-coherent powder only 
suitable for briquetting or burning in the pulverised form. On the other hand, 
at C, the coke from Mitchell Main coal has foamed up during carbonisation and 
become stereotyped in that form. It is friable and quite unable totstand transport. 
At B the result is shown of intimately mixing the above two coals before carbonisa- 
tion. The coke, which has shrunk during the process, is strong and fine grained 
and eminently suitable for use as a smokeless fuqj. \ 

It is well known that most coal seams present a succession of bands of variable 
fusibility, each of which if carbonised alone would produce^ a coke of different 
structure. It will be seen therefore that such seams, when carbonised as a whole, 

f 

will produce cokes of varying characteristics according to the proportions of the 
caking or non-caking bands present. It sometimes happens that the two types 
are present in such proportions that a good coke is produced without additional 
blending or external pressure. An example of such a coke from DaltorjMain coal 
is shown in Fig. 1 b, A being a side view and cross-section, while B is a plan view 
of the same specimen. 

Messrs. Sutcliffe and Evans 1 claim that most coking coals briquetted cold with 
25 per cent of breeze without c? binder and subsequently carbonised will give an 
excellent smokeless fuel, but it must be borne in mind that the breeze in re- 
carb^nising takes up space in the retorts, and yields no gas. In the carbocoal 
process, low temperature coke is ground, blended with pitch and briquetted, and 
the briquettes carbonised until a low volatile nroduct is obtained. The carbocoal 
briquettes are dt^nse and str^n^and foVm an efficient substitute for anthracite. 

$)) Volatile Content 

Table XXIV shcfws that the possession of 7 per cent To 10 per cent of volatile 
matter is a common property^of low temperature cokes other than the exceptions 
referred to above. This hfgh volatile content is* M q some extent responsible for the 

^ C # 

1 ^utcliffe and Evans. “ Low v. Mjgh Temperature Carbonisation." Proc. S. Wales Inst. Engrs., 
'SOth April, 1922. ' . " ‘ 
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easy ignition and free burning properties of such c£kcs, and it has been shown at 
H.M. Fuel Research Station that the same process, in conjunction with different 
times of carbonisation, produces cokes of different combustibility, the easy com- 
bustibility of cokes containing volatiles of the above order being to some extent 
lost if the time of carbonisation is so prolonged as to reduce the volatiles to lesd than 
4 per cent. Birnte and Kolmel, 1 however, claim that a low temperature coke once 
produced can be hefted to increased temperatures out of contact with air, until 
aU the volatile matter is removed, without interfering with its property of ready 
ignition. 1 

(c) Structure 

It would appear, therefore, that properties other than chemical have a con- 
siderable bearing upon the combustibility of a coke. Recent experimental work 
has indeed amply demonstrated the important consequences of structure, and 
has shown that one of the main factors involved is the area of the cell surfaces 
upon which gases can act, and which it is desirabk should be as large as possible. 
The structure of a coke is determined to some extent by the nature of the car- 
bonising plant used, but is chiefly influenced by the action of the caking constituents 
of the parent coal. The results of the ordinary methods of coa 1 analysis may serve 
for a rough classification of coals into types, but very little information is actually 
gained thereby as to the real nature of the coal, or its probable behaviour on 
carbonisation. Further, most coal seams are built up of bands of coal which 
individually may differ considerably from the seam average, and which, therefore, 
if carbonised alone, would give correspondingly different results. The temperature 
of carbonisation tmd the conditions under which it is carried out also affect the 
physical properties of tlie coke product. 

The question of the structure of coke was reviewed by Sir George Beilby in 1922, 2 
when he described certain variations in structure of varieties from wood charcoal 
to metallurgical coke. In wood charcoal the original cell structure of the wood 
is preserved, but observation showed that in coke produced from coal the final 
cell structure is that of bubbles formed from fused or partially fused coal substance. 
The first stage will be the formation of a fc am in which each bubble is a self-contained 
cell, but mutual perforation of points of contact produces a spongy mass through 
which the gases ultimately escape. As the temperature of tie coal mass is raised, 
gas constantly forms ; the development, therefore, is continuous. Bubbles are 
formed so long as the mass remains sufficiently plastic ; but when this stage is 
passed no further development can take place, although gas may still be evolved 
without further modification of structure. The temperature at which carbonisation 

1 Biinte eel Kolmel, “ Coke Ignition Temperatures.” Gas u. Wasserfach , October, 1922. 

* Beilby. “ The Structure of Coke . ite Origin and Development.” Fuel in Science and Pi utict, 
December, 1922. 
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takes place, or, rather, the rate at which the temperature of the coal is raised, has 
a considerable bearing upon the Anal structure of the coke which has been attained 
when rigidity set£ in. Unless,confined in some way, such as, for example, by solid 
boundary surfaces, the large bubbles which will be blown in a swelling coal will 
Jesuit in the production of a light, porous mass. If the coal, or coal blend, contains 
the correct proportion of fusible constituent, the final, ‘bubble structure will be 
governed by the initial state of division pf the particles. # With finely divided coal, 
for example, it wU consist of minute cells ot uniform structure. A dense U lei, 
with a large number of such small cells per unit; id the vitreous carbon mass, is the 
ideal generally aimed ^t. . It has been successfully attained, as already mentioned, 
by the blending of fusible and non-caking coals, which is fully described in the 
Report of the Fuel Research I^pard. 1 In this method, mixtures can be obtained 
which will pass through the fusion and bubble-forming stages without external 
swelling, and which will yield a fairly hard coke of slightly less volume than the 
original coal. • 

Several other investigators have shown that a similar effect can be pfbduced 
by using coke breeze instead of *;he non-caking coal, and in many other low tem- 
perature carbonisation processes it is now recognised that coal blending is a very 
satisfactory method of giving a suitable fuel. In the “ Pure Coal Briquette ” 
process already referred to, the coal is very finely ground after blending, in order 
that the ultimate structure of the coke may consist of very minute, but inter- 
connected cells. In this connexion it is of interest to note the high apparent 
density of this type of <?oke, which has been given as 1*15 in comparison with the 
more usu#l values 4 >f 0-7 to 0-9 for other varieties of low temperature coke. 

• • 

(d) Density, Porosity and Combustibility 

Sir George # Beilby, from his studies of the formation of carboil by the carbonisa- 
tion of sugar, and of the microstructure and properties of coke, has arrived at the 
conclusion that most carbonaceous residues, from wood charcoal to the hardest 
coke^onsist of carton in the vitreous state, i.e v it is a true glass. The density of 
thiB material is in the neiglibourhood of 1*85 to* 1*9 as compared with 3*55 and 
2*55 for diamond an(l graphite respectively. Until, recently, metallurgists have 
considered density and porosity to be reciprocal the'one to the ottor, that is to say, 
the usual method ol calculating porosity has* been by means of £ke ratio of the 
relative volumes of actual coke substance and interspaces. It. is obvious that a 
value for porosity calculated in such a manner can give no indication of the actual 
area of internal surfaccs # developed ; neither can aqy •opinion be formed as to the 
accessibility of such internal surfaces to an oxidising or reducing agent. Combus- 

t • • • 

* Fuel Research Board. Report for Years 1920, 192>» Second Section : ‘^Low Tcmjperatur* 
Carbonisation.” (H.M. Stationery Office.) • | * 
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tibility has been generally regarded as depending on Chemical rather than structural 
features in the coke ; but if the actual material of cokes possessing widely differing 
degrees of reactivity is such a definite substance as vitreous carbon, we must Iqok 
elsewhere for an explanation of the differing properties. The most likely direction 
is obviously in the amount of surface exposed to chemical action. A similar hiass 
of carbon can obviously differ very widely in this respect. For example, we may 
have a solid mass of vitreous carbpn conomtrated in a cube vf say one inch side, 
so 'that the area exposed tp oxjjjlation is six square inches, presuming a sjjnihir 
degree of exposure in each of the 'fix surfaces of the cube. Again^tlie same weight 
of material might be arranged ir the form of cubes ol ' j^rinch side, with spaces 
of say A^-inch between the faces of the cubes. The area of each face of each cube 
would now be of a square inch, or a total of g v r quare inches to each cube. But, 
since we now have 1000 cubes, the total surface would be yg-^ X 1000 = 60 sq. inches, 
or ten times as much surface as was possessed by the original l-inc/i cube. Further 
subdivision would result in increasing the surface ar<^a to ahy extent we please. 

In the original cube, reaction can only take place over the external surface ; 
but in the modified systems reaction can proceed on the surfaces in the interior, 
provided always that a circulation can be set up which shall furnish a sufficient 
supply of oxygen for combustion, and at the same time remove efficiently the 
products of combustion. However, if we proceed as above to increase the surfaces, 
we are at the same time rendering them more inaccessible to the action of the other 
element necessary to the reaction. It would therefore appear that the increase of 
surface provided by minute subdivision wifi be eventually neutralised by difficulty 
of access of air t(i the interior. It is obvioiiR, therefore, that tfie usual 'method of 
estimating porosity can* give no indication of the relative area of the internal sur- 
faces, neither can it give any idea of the accessibility of such internal surfaces. 
In this connexion Sir George Beilby has determined the sizes, of the larger bubbles 
in a typical metallurgical coke, since these are likciy to be the most accessible. 
Such bubbles range from 3 or 4 mm. down to 0-5 mm. in diameter, and he com 
siders that the “ free circulation of gases will mainly occur through the larger of 
these, as they have probably been opened up and kept open by the rapid discharge 
through them of the carbonisation gases.’" 

For dense, pr> -briquetted coxe obtained by fine grinding, he has estimated that 
the larger pores range from 0*5 mm. down to 01 mm., but points out that “the 
fact that the combustion , of tnose briquettes proceeds definitely from the outer 
surface inwards shows that the internaj circulation of the oxidising gases is much 
more restricted than in the case of metallurgical coke. Svteliffe and Evans believe 
that the reactive surface o^ the coke briquette is so immensely greater than that of 
metallurgical coke that the increased rate of combustion more than compensates 
for the less free circulation t hr ('ugh the mass.” 
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From the above it is obvidlis that a coke may burn cither entirely at the external 
surface or partially externally £nd internally at the same time? according to its 
structure. Coke! of both types have been produced under low temperature con- 
ditions at H.M. Fuel Research Station, and both present attractive features. In 
"the* coke cakes, made in the horizontal retorts at temperatures of 600° C., the 
burning appears to take place at the surface and for som*’ distance into the interior, 
and this certainly gpves the most attractive fire. • 

Low temperatifc coke, formed by preheating disintegrated coal to a temperature 
at which incipient fusion takes place, and briquetting at this temperature, followed 
by carbonising ft 600° t C.* appeared to burn mainly at the surface. The carbonised 
fuel is very dense, and as strong as a good metallurgical coke, but on burning deposits 
a finc'ash on its surface, which^if not brushed away, produces after a time a rather 
dead and unpleasant-looking fire. In the authors’ opinion the best result will 
probably be obtained by using coarser particles for briquetting, so that if a suffi- 
ciently robust briquette cai^ be obtained to stand the subsequent carbonising 
treatment, a more open structure will be evolved, which will at the same tifne give 
a fuel denser than the hortzontiL retort coke cakes. This, however, remains to be 
proved, and the relation of “ accessibility ” of surfaces to rate of combustion is 
now being investigated both at H.M. Fuel Research Station and elsewhere. 

The microphotographs, reproduced by permission of Sir George Beilby in Figs. 
17 to 30, illustrate the appearance at different (low) magnifications of cokes ranging 
from wood charcoal to blast furnace coke. Beautiful as these photographs are, 
Beilby lias pointed out? that they cannot take the place of patient microscopic 
study of #he actual specimens, using lenses of gradually increasing resolving power. 
The necessity for such study to tin# proper appreciation of the arguments in Beilby’s 
paper strongly impressed itself upon one of the authors, who had the privilege of 
following Beilby’s work in this connexion, stage by stage as it was developed. 

FORMATION OF COKES UNDER LABORATORY CONDITIONS 

• • . » 

The laboratory assay method, which has been elaborated at H.M. Fuel Research 
Station, has proved particularly usefu^foi; the study of different types of coke 
produced by carbonisation of coal at low temperatures, and Ijy its means the 
influence of the fusibility of the coal upon the ultimate structure of the coke can, 
to some extent, bo followed. It was possible at tlh Research Station to correlate 
these results with those obtained on a larger scale in a setting* of horizontal retorts 
which h^cl been specially built for low temperature' carbonisation experiments. 
In the preliminary work which led to the perfected methods of test, it was observed 
that the time of heating exerted a marked effect gupon^ the final structure ot the 
coke. On the* small scale cl the assay appa*atul (20 grammes) ftnmediate 6ub - 
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jection to the full temperature of 600° C. resulted ift a very much more swollen 
coke than if the mass was heated more gradually. ' Heating of the laboratory assay 
tube by stages was soon discarded, as it led to condensation of the # tar vapour alo^g 
the charge and its consequent secondary decomposition. Attention was therefore 
directed towards finding a set of conditions which would obviate so far as possible ’ 
decomposition of the prynary gas and tar, and yet produce a coke' which was 
similar to that formed'from the sany^ coal in large-seal^ practice. The most impor- 
tant factor was obviously th^rateiof heating, and since on a lar^e scale the rate of 
heating is much slower than in any laboratory apparatus, it was decided to slow 
down the rate of heating in the a°say method by starting, at a fow temperature 
and working up to the final. In an intermittent retort the outer layer is heated 
rapidly to nearly the full temperature, while the oontre of the charge is probably 
not heated through for several hours. In a vertical continuous retort the rate of 
heating would be more uniform, and the coal may be regarded approximately as 
passing through successively increasing zones of temperature' to the final carbonising 
zone. The condition finally chosen for the assay was that the retort containing 
the dry coal should be introduced into a chamber at # 300° C., or well below the 
point of visible decomposition, and the temperature raised during one hour to the 
full value desired. A further hour at this temperature completed the carbonisation. 

The cokes obtained in this way were very similar in appearance and yield to 
the horizontal retort cokes, and when at a later stage a coke which would bind 
well without swelling was sought for, the apparatus became extremely useful for 
predicting the necessary proportions of caking and non-caking coals. 

, * ' 

LOW TEMPERATURE COKE AS A HOUSEHOLD FUEL 

The most important potential use for low temperature carbonisation coke is 
undoubtedly as a domestic fuel, though tests have shdwn it also to be well adapted 
for industrial purposes, e.g. a gas producer fuel. The open domestic fire, since it 
attains a relatively high temperature, emits the greater part of its energy as radia- 
tion. Determination i of the heat radiated therefore form a reasonable basis of 
comparison of the behaviour of different fuels for domestic purposes. The work 
of Dr. Margaret' Fishenden 1 has shown conclusively that the radiating power of 
coke, especially that produced from low temperature processes, is greatly superior 
to that of raw coal ; for instance the radiation efficiency , f or the proportion of the 
theoretical energy of combustion of the, fuel burned, delivered as radiation in three 
different types of sitting-roo'm grates, was found by Dr. F/shenden to be 24-2, 19*5, 
17*3 respectively for bituminous coal, and 30*8, 24*0, 19-9 for a low temperature 

1 F el Kesoairh Board. Teen. Pad r'^o. 3. “ The Efficiency o* Low Temperature Coke in Doivestic 
Appliances.” Margaret White Fishen / en, L.Sc. (H.M, Stationery Office.) 
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coke. The comparative performance of the two fuels, weight for weight, will 
obviously be dependent upon the relative calorific values, but it «is apparent from 
the figures quote^that a low temperature coke of calorific value, say, 12,500 B.Th.U. 
per pound, will in general give considerably more radiation than a coal fire burning 
at the same rate. It will be noticed also in the figures quoted above that the higher 
the efficiency of the grate, the more pronounced was the. advantage of the carbonised 
fuel oyer raw coal. # • , 

In addition, ttfe easy igfiition and free buftyng properties of low temperature 
cokes, the bright, hot, glowing and extremely atiracfxve fires which they produce, 
and the entire immunity of these fires from black smoke emission, render low 
temperature cokes a clean and convenient household fuel ; and if such cokes became 
available in large residential centres the problem of increasing the efficiency of the 
open fire would be greatly simplified. 

When raw oeal is burned in the open fire, its distillation in situ is the cause of 
the smoke trouble. The smokeless combustion of the products of this distillation — 
gases and tar — can only be obtained by continual care and attention that cannot 
be given in practice. Hanco file chimney of an open fire which is continuously 
used must be swept several times yearly, while the unpleasant task of cleaning 
dampers and flueS must be undertaken every few days. With smokeless solid fuel, 
on the other hand, the operation in the fire is simply one of combustion, and no 
regulation is required other than that of the air supply, which controls the rate at 
which the fuel burns. On account of the absence of smoke production, chimneys 
of reduced size are actequ&te, and corresponding economy is gained in building 
and maintenance *costs. The draught regulation itself is also simplified by the 
more uniform action of flues aiyt dampers, which remai^ clean and unblocked by 
soot or tar. t 

• For wat<& heating, especially in independent boilers, low. temperature cokes 
are again greatly superior t*> coal in actual efficiency, values of 20-7 per cent and 
17*3 per cent having been obtained by Dr. Fishenden from the hack boilers of 
ort^nary kitcheners^as compared with corresponding figures of 14*5 per cent and 13*1 
per cent for coal ; and in an independent boilA an efficiency of 41 per cent for low 
temperature coke ccftitrasted well with # 31 # per cent for coal. Their easy ignition, 
freedom from smell, afid certainty and simplicity of regulation differentiate them 
favourably from gifs coke. • * 

For oven heating in ordinary kitcheners, low# temperature coke appears to be 
somewhat less advantageous thah raw coal. In most of the tests about equal 
numbers of heat units were required roughly to give similar resillts in oven heating 
or to cook similar melius. In certain special ranged basod upon independent boiler 
design, however, low temperature cokes appear to^be better thfpi co # al # 

* The probable behavioiflr of these bright!/ flowing^ fuels, vith low* volatile 
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contents, and consequently little flame, may frequently be anticipated from the 
design of the appliance in which it is # proposed U> burn them. Their advantage, 
in fact, is largely due to enhanced radiation — though the no^-luminous flame- 
produced from the remaining volatiles is not without its effect — and is most marked 
when the distance between the fuel bed and the oven or boiler surfaces is low, 
or the fuel bed enclosed. .Where the oven or boiler surfaces are far removed from 
the fuel bed, the superiority of coke is diyiinished, or even certain cases may 
disappear. In these cases the dqje&t contact of the long and Jar-reaching flames 
of bituminous coals apparently hjore than counterbalances the higher radiation 
from the coke. When it is considered that the practical , comparisons given above 
refer generally to appliances planned to burn coal, the favourable results obtained 
with the new fuels may be considered highly satisfactory, for there is little floubt 
that in appliances specially designed for the latter, their superiority might be 
considerably magnified. 

For household purposes, it is essential that cokes {diould«be produced in such a 
form as to be easily handled. Moreover, the individual pieces should be roughly 
uniform both in size and structure, so as to be suitable for charging on any ordinary 
domestic grate. They should also be strong enough to resist severe handling without 
excessive breaking, and be reasonably clean to touch. In the tarly days of low 
temperature carbonisation, the resulting cokes from the non-caking coals used 
were friable and uneven in structure ; but the material produced more recently, 
if not entirely free from these faults, proves, both in size and shape, a highly 
convenient fuel. No one who has had experience of the bright, hot, uniform and 
extremely pleasant fires which good low temperature cokes produce woulc,! wish to 
exchange them for the pld, smoky coal fire, and the economic production of a 
satisfactory low temperature coke on a large scale should prove an immediate- 
amelioration of the smoke nuisance. 

LOW TEMPERATURE COKE AS A PRODUCER FUEL 

Low temperature cokes are eminently suitable for gas producers, as the^gas 
formed is higher in calorific value 'than that from gar coke, and is free from the 
tarry deposits characteristic of richer fi!els. The practical application of low 
temperature coke to gas producers oilers a means of making k very ready comparison 
of its increased combustibility over that of ordinary gas <k>ke. Table XXV 
gives the results of experiments' carried out at H.M. Fuel Research Station on two 
samples of coke crushed to the same size, and burned in a small gas producer under 
identical conditions. It will be seen tnat the rate of combustion of carbon was 
23 per cent higher for the' low temperature coke than for the, gas coke. The greater 
speed of reaction w also indicated by the increased temperature (200° C.) of the 
Hot zone of the producer ,m the ohse pf the low temperature coke. ' 
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A gome what similar methoS of cofnparing^the Combustibility of cokes has been 
described by 6. Tamiftann. 1 In f this method the cokes are consumed in small 
cylinders, open at the top, into # which equal quantities of air are blown. The relative 
combustibility is then measured by comparing the heights of the cones of burning 
carbdh monoxide. % 


Comparison 


TABLE XXV 



♦ 

• 

H.M. Fuel Research 
Station : Low 

Vertical Retort 

H 

Temperature Coke. 

Gas Coke. 

Rate or consumption of coke : \k. per hour 

8-03 

6*12 

Rate of consumption of carbon : lb. per hour 

6-56 

5-33 

Temperature of bat zone .... 

1000° c. 

800° 0. 

Composition of gas mad* 

C0 2 . . . * . 

10-1 

14-3- 

o 2 . ■ 

0-4 

0-9 

00 

17*2 

8*6 

H. 

— 

— 

on, 

. 

— 

N 2 

72-4 

76*2 


LOW TEMPERATURE COKE Aft AN INDUSTRIAL FUEL 

Considerable attention has bfccn devoted during recent years to the application 
of gas coke as a steam-raising fuel) partly on the grounds smoke abatement, and 
partly with a view to absorbing the- continually increasing coke yields of our gas- 
Wrks. For these reasons many large concerns have adopted cokli as a boiler fuel. 
The Paris Gas Company in 19*0 adopted gas coke tor boilers, lifter carrying out for 
one year tests in which gas coke and. coal were found to be about equivalent, weight 
for weight, the highej efficiency given by the cokd, and the reduced loss in small 
particles of unhurried fuel, making up for the lofrer calorific value. The value 
of the pioneering work* of Mr. E. W. L. Nieol 2 and the London Coke Committee, 
both during and since the war, in encouraging the industrial u?e c i gas coke, is of 
great importance, and is discussed at length in another volume ^f the present 
series. • 

Although there are few published data regarding the efficiency of low tem- 
perature coke as a fuel fo^ steam raising, such experience as is available shows that 
it shares the advantages of coke filing without some of the disadvantages associated 

1 G. Taramann. Stahl mid Eisen , 1922, 42* ijo. 15,*pp, 577-8. 

2# Nicol, E. W. L. *Coke and Its IJscs. (Jienn jpros.) • 
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with the high temperature products. ,Low temperature coke as a boiler fuel behaves 
in a similar maimer to a smokeless Weteh steafd coal. It is easily kindled and 
bums freely with a good radiation efficiency. The tojal absence dl smoke -producing 
volatile matter rcnderj it easy to maintain the chimney absolutely smokeless, 'its 
only disadvantage is that associated in some cases 'with its bulk, so that height for 
weight with hand stoking, the firing has to be more frequent than in the case of 
coal, in order to maintain a unifojm fire*and so obtain the* maximum economy. 
The pre-briquetted form of. lo\y« temperature coke being much denser would of 
course not share this disadvantage. 

PULVERISED LOW TEMPERATURE COKE 

# 

The possibility of using low temperature coke in the powdered form has been 
pointed out by S. W. Parr and C. K. Francis. 1 The burning of fuel in the finely 
divided form has lately been making great strides iv the United States of America 
and on the Continent. In this country, however, with the exception of the cement 
industry, where powdered coal is used exclusively ill the rotary kilns, progress 
in the utilisation of pulverised fuel has been disappointing. Signs are not wanting, 
however, that our industrialists are beginning to realise that there are certain 
manifest advantages to be gained by the utilisation# of fuel in this form. Progress 
is likely to be hastened by the most recent development which has taken place, 
viz. the pulverisation of the fuel in small self-contained pulverisers, situated 
practically at the furnace mouth. This method completely obviates the necessity 
for the cumbersome and costly plant associated ‘with some of the earlier instal- 
lations. * * ) 

The advantages of pulverised fuel are summarised in the General Electric Review 
for May, 1918, aS follows : — 

(1) Flexibility ef control of fuel and ah, and ability to extinguish the fire 
instantly. * 

(2) Complete combustion evoit at high rate of burning, anti elimination of Smoke, 
always assuming that the installation is properly made and operated. 

(3) Burning fuc ! l in suspension eliminates the usual troubles which result from 
the formation' of clinkers in the fire bed when the coal is burned in grates. 

(4) Low grade fuels ma/,be burned efficiently regardless of the proportion 
of ash, sulphur or other impurities. ’(Vhere low grade fuels are burneu in 
grates, the capacity* of the furnace iB reduced in proportion to the percentage 
of incombustible content. This limitation does nctf hold when burning pul- 

' ‘ * * 

^JParr, S. W., and Francis, C„ K. “The Modification pf Illinois Coal by Low Temperature 
Distillation.” Bulletin, 24, # Univ. oil Illinois. 
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verised fuel in suspension, as the amount of ash in suspension in the flame 
at any one time is inconsiderable. 

^>) Very little excess air i§ required. This reduces the stack loss as well as 
the power required for the draught blowers. Less area is ako required in 
flues and stacks. \ 

(6) Maximum fuel economy is possible in many applications. 

(7) The expense Of supplying coal to scattered industrial furnaces is thereby 
reduced to a minimum. Pu^erised fuel ha* se&i-fMd properties ; it flows 
easily andean be transferred through pipes, 

(a) £y screw conveyors ; 

(b) m a mas%by means of compressed air ; 

(c) in suspension in a current of air. 

• 

For satisfactory anc^easy burning in the pulverised form it is desirable that a 
fuel should contain about 10 per cent of volatile matter. Since this is the amount 
usually left in a low temperature coke, pulverisation is a very attractive method 
for utilisation of the fines and breeze which are associated with some of the systems. 
Indeed, if there were a free market for the fines such as would present itself if there 
is in the near future a great development of powdered fuel installations, the range 
of coals available for low temperature carbonisation would be widened, and certain 
early types of retort might become profitable in working. 

Another advantage of low temperature coke as a raw material for pulverisation 
is its comparative friability. Oi;e of the chief difficulties encountered in the pulveri- 
sation of some other fuels is the excessive wear and tear of the grinding apparatus. 
It is unlikely that it would be economically sound, unless in exceptional cases, to 
rjm a carbonising plant for the purpose of disposing of the whole of its coke as 
a material for pulverisation ; but, qf were posr ible to do^this, the carbonising 
plant and the coal carbon isccl coulu be arranged to deliver a coke 'in which the 

property of easy pub^isation could be developed to the utmost -Extent. 

• • 


,y» !,J 




CHAPTER XII 


THE PRODUCTS OF LOW TEMPERATURE CARBONISATION 

GAS 

COMPOSITION OF GAS OBTAINED FROM LARGE-SCALE PLANTS 

< • 

It has already been., explained that the composition of the gases which are 
evolved during the theilnal decomposition of bituminous coal varies hot only with 
the temperatures employed, but' also with the time over r which the operation 
extends, the rapidity with 'which the volatile /products emitted are removed from 
the retorts, and other practical conditions. , 

In any large-scale practice, the primary products of distillation are subjected 
for some time to the heat of the retort. Owing to the secondary decomposition 
which is thereby caused, neither the gaseous nor liquid products of carbonisation 
actually collected represent the true products initially liberated from the heated 
coal. Moreover, as coal is an indifferent conductor of heat, the temperature of 
the charge in the retort is far from uniform, for while certain parts may become 
heated rapidly, others pass through a more gradual change. 

It is not therefore possible to give specific analyses of the gaseous products 
associated with different coals and different temperatures of carbonisation which 
will apply precisely in all cases. The published data of Large-scale gas compositions 
are few, but Table XXVI shows analyses of the actual gases obtained in two large- 
scale plants which are typical of external and internal methods of heating. These 
are : Fuel Research Board horizontal retorts and the Maclaurin retort. The former 
may be compared with the composition of the gas produced on the laboratory scale 
by Wheeler, using Altofts Silkstone coal, carbonised at temperatures of 450° C. and 
600° C. respectively, and that obtained from 1 .M. Fuel Research Station Assay 
method already described. (Page 60.) The ga* obtained with* the internal system 
of heating is not conjnarable with these labor" tory results since it contains com- 
bustion and producer gases inherent to its pa/ ficular system of heating. 

COMPOSITION OF GAS OBTAINED IN LABORATORY EXPERIMENTS 

1 In fables XXVII and XXVIII Retailed figures of Burgess and Wheeler’s 1 
8mall-8t' ale experinfunts in vacuo at temperatures ranging from 100-800° C. are 
shown, and bring ouo clearly the critical period in the decomposition of the coal 
between 700° 0. and 800° O., which has already been discussed in Chapter VI. 

In the composition of the gases obtained from full-scale installations diifers 

considerably from that yielded in laboratory experiments, though that produced 
in the large-scale experimental plant at H.M. Fuel Research Station is closer than 
many others.- The causes of the divergence may be classed broauly as (1) the dilution 

1 Burgess and Wlleeler. “ Tie Distillation oi Coal in a Vacuum.” Trans. Chem. Soc., 1914, 106, 131-40. 

* » , 15G 
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of the rich gas made with a heating gas or a gas made at a different temperature, 
and (2) the “ cracking ” of the ricJ gas and primary tar to a greater or less degree. 
Th$ Maclaurin retort, in which^the heating is produced by the internal combustion 


\PABLE XXVI 

Composition of Gas Made In Processes for the 'Carbonisation of 

* f Coal at;Low Temperatures 

* V , . 
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Process. 

% 

Burgess and 
Wheelor 1 
(Lab. scale). 

ll.M. Fuel 
Research St-n. 

Maclaurin 

Retort. 8 
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Hori- 

zontal 

Retorts. 

Retort temp. 0 C. % .... 

450 

GOO 

600 

000 

700 

» 






Coal used 

A 1 tofts 
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Gas made e. ft. per* ton of dry ash-free 






coal . . . . 
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3140 

27,730 
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CO.,, JLS, etc. . 

15*65 

4*90 

8*8 

7*6 

G*2 
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• 



• • 

— - m — - 



of part of the coke, and the Nielsen retort, where carbonisation is effected by the 
sensible heat of producer* gas, are examples of the first case. Jn the » t Pi uu Coal 
Briquette ” process th*e rich gas which forms at the typ of the Vertical retort is 
diluted by higher temjiefature gas generated lowCf down the retort after the 

1 Burgess and Wheeler, Trans. Chan. Sac., 1910, 97, 1917-35# # 

1922^ ClaUrin ’ ^ * Low Tem P era tuiO Carbonisation of Coal.” Pros. S. IlWft Inst . o^Kng., 2#Hi April, 
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greater part of the volatile matte? has been removed by true low temperature 
distillation. 

TABLE XXVII f 


Composition of Gases Collected in Vacuo by Burgess and Wheeler 1 
Dry Silkstone G^al Used and Gas Calculated as Nitrogen Free 


<- <1 

Temperature 0 C. 

fc 

100 

200 

200 

to 

300 

-L 

u 300 
to 

3/>0 

350 

to 

400 

Gas ! — 





tY 

Vol. @ N.T.P. per 100 



r..U 



grammes c.c. 

34-0 

65-5 

58-5 

985-0 

4000-0 

HjS . 

. 



__ f 

1-70 

0-70 

CO a . 

6*70 

8-85 

35-35 

20-95 

2-85 

o 2 . . . 

1-65 

0-70* 

0-55 

C 2 H 2 015 

C 9 H 9 trace 

C 2 II 4 . . . 

0-85 

0-85 

1-05 

1-90 

2-35 

(n>2) C„H an . 

1-30 

2-90 

18-85 

‘ 17-90 

6-15 

CO 

1-40 

2-60 

10-50 

3-40 

3-40 

H. • • 

1-90 

2-75 

13-35 

15-35 

36-90 

^0^211+2 

84-55 

81-00 

18-85 | 

37-22 

46-55 



; 

-10000- 



n/v for paraffins . n 

2-21 

1-8,4 

1-43 

0-311 

0-302 

(or number of CH 2 groups per 






unit volume of- paraffins) 

* 

.. 

c 


D .1 



Appearaifce of H'S’was at about 270° C. aifd i.iiis is included in the figure for CO,. 


THE EFFECTS OF “ CRACKING 

'‘Wl^n the gas and tar vapour leaving the coal at ascertain temperature is 
subjected for any fength of time to the carbonising temperature, or to the effect 
of heat radia|ed from the sides of the retort, secondary changes take place which 
are generally classed under t? 3 name of “ cracking.” In these changes both gas 
and tw “t-p-W are*a fleeted, and the general effect is the reduction of bodies of high 
molecular weight to other* of lower molecular weight, with deposition of carbon 
<■ and formation of lighter hydrocarbons and permanent gas. A similar effect is 
produced if the vapoui y-lien tonce formed is allowed to condeV.se upon cooler coal 

1 Burgees and W^cler. Trans . Chem . Soc ., 1914, 105, 131-40. 
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and is later re-carbonised. Tie factors governing the changes which take place 
owing to the cracking of the rich gas and primary tar are many, and they are 
further complicated by the natural effect of increased temperature as already 
indicated. j 

IA any carbonising system <?ka a large scale, the formation of gas at different 


\ 


' Tif^SLE xxvai , 

# Gases Collected by Burgess* and Wheeler 1 
& CoAl Used : Altofts Bilkstone Seam 


Temperature 0 C. 

— « 

450 

500 

600 

700 

750 

800 

Gas (N.T.P.) " » 

c.c. per gramme of ash free 
dry coal . . . # 

* 

m 

29-9 

99-00 

124*00 

154*00 

• 

218*00 

NH, . . . . 

4-70 

1-35 

1*40 

1*60 

5*20 

1*00 

C a H, . . . 

8*60 

4-85 

5*20 

3*40 


3*65 

C0 2 . . . 

• 10-95 

3-60 

3*50 

4*05 

3*30 

1*70 

C 2 H 2 . . . 

Nil 

0-35 

— 

0*40 

— 

— 

c 2 h 4 . . . 

0-85 

1-65 

1*80 

1*05 

0*75 

0*90; 

CO . . * . 

8-75 

• 6*45 

7*10 

7*90 

9*40 

11*85 : 

ir 2 . •. 

•7-00 

16*60 

26*60 

32*70 

# 41-65 

48*55 i 

CH« • • • 

25*qp 

37*55 

35*20 

£1*60 

29*90 

26*10 j 

C,H, . . . 

• < .. .. 


27*60. 

19*20 

14-30 

9*80 

6*25 ! 

ft — 

Decrease in weight of coal % 

L 

118*79 
r 9*05 

! 28*37 

32-jB 

* 34*04 

36*30 

Weight of tar collected 

4-211 

13*66 

14 m 

10*20 

13*50 

— *— — - 



— _ — 


a 



temperatures proceeds as indicated in Table XX VII, its composition being m^fied 
later by the cracking of tlte heavier hydrocarbons of both gas mid tar to ai|extent 
which is dependent Upon the particular process employed. •Iti practically all low 
temperature systems the carbonising temperature is % such that # the gas will 
always contain a certain amoufit of the higher saturated h$*tj£2^bons, 
particularly ethane. 

1 Burgess a pal Wheeler/ Trans. Chan. Soc., 191^ 97, # 1 91J-35. 
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THE EFFECTS OF STREAMING 

Special tests which have recently been carried out by the Fuel Research Board, 
and which are described in Technical Paper No. 7; give interesting results of the 
analyses of the average gases produced from 0 e carbonisation of coal at low 
temperatures in Glover- West vertical retorts vrlh varying amounts of steaming. 

n 

.TABLE XXIX 
I 

Yields of Gas from Low Temperature Carbonisation in Glover AY est 

Vertical Retort 


Test No. ...... 

1 

2 

3 

4 

Steam per cent ..... 

Nil 

1 ! 
! ** 1 

13-47 

20-00 

Gas made per ton of coal, cu. ft. . 

Gas made per ton of coal, therms 

Gas made, calorific value : — 

B.Th.U.’s cu. ft. - gross . 

nett . 

Gas in therms as % of therms in coal . 

7190 

46-0 

040-0 

585-0 

16-5 

6700 

45-0 

671-0 
602-0 
, 16-0 

7350 

48-5 

661-0 
' 594-0 
17-2 

7750 

49-6 

640-0 

573-0 

17-7 

Analysis. 





CO, . . . . 

4-9 

5-6 

5-6 

7-2 

C„H m 

4-7 

5-0 

4-8 

4-5 

o. 

0-3 

0-2 

0-2 

0-2 

CO 

Iff 

8-5 

9-7 

10-0 

H, . ■ • • 

3*2 2 

35-5 

37-6 

38-0 

^■'n^ 2n + 2 ■ • 

38 0 

33-4 

33-0 

32-5 

N, . • . • . - • • • 

- lS -8 

' 11-8 

9-1 

7-6 

r* r 

100-0 

“ n ” in satd. hydrocarbons 

1-09 

— 

— 

■- 

t J 

Spy-ific gravity (air— 1) . . 

0-572 

0-544 

0-561 

0-563 


— v — , — — 

The coal used was a mixture of 60 per cent Mitchell Main (caking) with 40 per cent 
Ellistown Main (non-caking), r which had been proved t to give satisfactory coke 
cakei^*~*GJrbonis&tion at 600° C. in tlie horizontal retorts. The conditions of 
working^n the vertical retort^ were determined by a series of preliminary tests which 
♦ indicated .the desirabilily of maintaining a teniperaturej-of about 850° C. in the 
combustion (Chamber nt&f th^top of the retort, decreasing to about 700° C. at the 1 
bottoirt 1 . Cokfs applicable to household use were yielded in all^ cases. The yields 
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' in each tost are set out in Tabft XXIX, together with the analyses of the average 
gases. 1 The steam employed varied from nil to 20 per cent, the gas made ranging 
from 671 B.Th.U. f per cubic ftiot with 7*24 per cent steam to 640 B.Th.U. with 
20 per cent steam. The corresponding figure for no steam should have been 700 
B.Th.U., which was actually obtained for a time, but a leakage of air into the 
retorts through the coke chambersveduced the average figflje to 640 B.Th.U. only, 
as given yi the table. • \ / 

It will be seen b)i comparison wuh Table XaVI th*t th$ gases obtained from 
these experiments differ from normal low temperature gas in their much lower 
percentage of unsaturated hydrocarbons, the percentage being less than 5 per cent 
as compared wit&more than 9 per cent for H.M. Fuel Research Station horizontal 
retorts. The hydrogeJP^a^tent, o* the other hand, is about doubled, being increased 
from some 17 per cent to an average of nearly 36 per cent. The amount of saturated 
hydrocarbons is much decreased — 33 per cent as against 56 per cent — and those 
produced are of a lower Aean molecular weight. 

The results indicate that a setting of similar construction, but with iron rStorts 
in which heat would be transferred to the coal much more rapidly, would possibly 
be suitable for the manufacture of good smokeless fuels by carbonisation of coal 
at low temperatures, provided the material to be carbonised can bo delivered to 
the retort in such a form as will preserve an open charge which will not tend to 
fuse together into an unmanageable mass. 

The volume of gas obtainable commercially of course varies according to the 
amount of cracking of tlfe primary products which has taken place. We have 
already stated that tl*3 quality (A the gas produced in the experimental setting of 
horizontal retorts at H.M. Fuel Research Station approach#; more closely to that 
obtained in the laboratory than d(V» that given in any other plant upon which 
independent tests have been earring out. The amounts yielded in this setting 
vary from 2700 cubic feet of gas pc!kti|i of coal, the gas he^tig a calorific value 
of 1020 B.Th.U. per cubic foot or 27%4 therms of gas per ton, # to 4220 cubi^fect 
of gisjier ton of coal, t.^e gas having a calorific valued 906 B.Th.lf. or 38*23 therms 
of gas per ton. These figures tire typical of the gels obtainable by carbonisation 
of a wide Yange of coals ^600° C., and tM enhanced figures for the thermsM^as 
which are sometimes quoted should be accepted with great cau^Jn. # I 

It is pointed out on page 28 that the rich gas obtained from a low^temperature 
process has properties which make it exceptionally attractive as an enriching agent 
for water gas or for some of the comparatively low grade gases p’A)duce<Nnht#rtain 
systems of .high temperature carbonisation. { 

9 1 Fuel HeBearch Board* T^lmical Paj! er No. 7. “ Preliminary Jlkperimeitta in thqJLowT^empera- 

ture Carbonisation (^win Vertical Retorts.” (H.M. Stationer^£)mcf.l* • * 
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MOTOR SPIRIT FRQM GAS 

In all rich low temperature gas a certain quantity of thb hydrocarbons is 
condensable by oil stripping at atmospheric temperatures, and after refining "the 
resulting liquid is suitable for the production of rdotor spirit. The yields claimed 
by different systems are /widely variant, but those/given by the Fuel .Research Board 
— 1-43 gallons per ton of coal carbonised — ma/ be quoted ,as an example which 
is* backed up by experimental dawi^ The quesylm of the production of this liquid, 
however, and its characteristics, are described ruore fully in a later chapter. 



CHAPTER XIII 


THE PRODUCTS OF HOW TEMPERATURE CARBONISATION 

i 

TAR 

INTRODUCTORY 

As stated in the discussion oS low temperature gas, the composition of the tar 
formed in any large-scale systerrivlepends to a certain extent on the conditions of 
that system, and particularly on Vie rapidity • with which the tar is removed fr<om 
the influence of heat and from secondary decomposition in the retort. 

Accordingly^the best wny to consider the composition of such tar is to examine 
the results chained rfh an experimental scale where the conditions are more 
stringeiMy defined, ^nd where t the effect of increasing temperature can be more 
carefully observed tnan in a plant under commercial or semi-commercial con- 
ditions. In this case all possible precautions can be taken, by vacuum distillation 
and otherwise, to remove Die tar vapour from the retort before secondary 
decomposition has set in. 

# 

RESULTS OF INVESTIGATION ON LABORATORY-FORMED TARS 

In 1904 Bornstein 1 fractionated eight Westphalian coals in 50° stages up to 
450° 0. and gave an account of the various tars collected. These, he stated, all 
contained paraffins and the higher phenols, but neither naphthalene nor anthracene. 

In 1913 Pictet and P oiivier 2 examined a French bituminous coal by distillation 
in vacuo up to 430°^C. 

The thin tar collected amounted to 4 per cent by weight of coal. This tar was 
stated to consist chiefly of saturated an^l unsaturated hydrocarbons. Some 
oxygenated compounds were shout*, to be present, bat no phenols. 

Careful examination of the ed hydrocarbons was 4ater carried out by 

preliminary fractionation, and ccrtvm 1 ’ definite hydrocarbons Vere identified, such 
asjhexahydromesitvlcne (C 9 I1 18 ) in the naphthene, group, dihyd:otrimcthylb % enzene 
mu) in the unsaturated hydrocarbons, together with several paraffins.^ The 
similarity of the nap] it. 1 ' cues to those present, in American petroleum is pointed uit. 

An interesting experiment was also carried out in whicliyfche vacuum car was 
cracked to give gas ind a secondary tar. This secondary tu* contained aromatic 
hydrocarbons, naphtlialene, etc., as in normal gas taj preoared by hi£h temperature 
distillation. $ % 9 

In 1914, this work was carried out on British coajs by Wheeler 3 ai^l others, 

1 Bornstein. Her, d. Ck&x Oescll., 913,46,3342-53. 

2 Pictet anil Bouyd/ CornpL rend., Acad. Set., 1913, 157/ 43M). • 

3 burgess ei/Td ’ V heeler. “The Distillation of Coal in a Yltciiuln.” {Trans . Chem. Soc., 1914. 
105. 131-40 ‘ t • * 
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distillation in vacuo being again resorted to, and the temperature raised in 50° 
stages up to 450° C. In this case, however, the tW of distillation occupied about 
five weeks, as compared with the five hours of Pictet and Bouvier. The yield of 
tar amounted to about 6-5 per cent^by tveigkt of coal, and this when fractionated 
gave the following results : — • 

(1) Unsaturated hydrocarbons of ethylenic /character, but rich'er in carbon 

„ than C n H 2n , amounting to 2 per cei vj> of the yields « 

(2) Naphthenes ancl liquid paraffins amoijjiting to about 20 per cent of the 

yield. . 

(3) Tar acids, chiefly cresols a’ d xy lends, amounting to about 7 per cent of the 

yield. * 

(4) Aromatic compounds which, however, did not contain naphthalene or 
anthracene, amounting to about 3 per cent of the yield. ♦ 

(5) ^ Solid paraffins of composition about C 26 H 5 j and M. Pt. 52-4 to 54° C. in 

small quanitity. ^ 

(6) Pyridine bases — a trace. 

(7) Pitch, boiling above 300° C. and completely soluble in chloroform, amount- 
ing to about 50 per cent of the yield. Sp. gr. at 15° C.= 1 *1 28. 


The differences between this tar and that of Pictet and Bouvier seem to have 
been due either to the nature of the coal or to the time of distillation. These 
differences are chiefly in the absence of solid paraffins and phenols in the latter tar, 
but, as already stated, Bornstein also found these compounds in his distillations. 
This is particularly inteiesting in that Jones and Wheeler, 1 in 1915, obtained quite 
different tars by the separate distillation of “ ctj/ulosic ” and “ resinic ” constituents 
of a coal. The a c^llulosic ” cqnstituent yield* I only very little tar, but this wks 
composed chiefly of ph mols. On the other I aij(l, the yield of tar from the “ resinic ” 
bodice up to a temperature of 400° C. amoiuited to 40 per cent of the original weight, 
and was found to consist of paraffin, olefines and naphthenef, but no phenols# ( 

_ America, the chief workers in this field are Parr and Olin, 2 who first attacked 
the prtolem in 1907, through their researches on the maiyrfacture of good smokeless 
fuel. • / t 

In their first paper they describe the form of retort employed and their method 
of carbonisation with, superheated steam at 4/)0° C., and give details of the yields, 
etc.j^^TOTined. $ 

later paper the autbqrs describe the manufactyre of a good semi-coke by 

means bf*a similar ‘process,' and give a fuller description* of the products obtained 
1 0 ' f V v > 

1 Jon^s and Wheeler. <, “ Tile Composition of Coal.” Trans. Chem. Soc ., 19l>\ 1318-24 

* Parr and Onn. “ The Coking of Coal ‘at Low Temperature. ’ Bull. GO and $/, Unir. of Illinois. 
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at 400-500° C. Thus they obtained from Illinois bituminous coal a dark brown 
tar of 1-069 sp. gr^, which they separated primarily into three fractions as follows : — 


• 

Percentage of Tar. 

Sp. Gr. 

Light oil to 210° C. . ^ . 

. . 17*2 

0-966 

Heavy oil to 210-325° C. >. 

. 52-7 .... . 

1-032 

Pitch over 325° C. . ^ 

. 30-1 . * . 

1-270 


refining and separation were a^ follows 

Percentage of Tar. 

5*7 

0-9 

0-38 

1*33 

4*77 

2-67. 

1*32 

Tar acids 22-2 

Fraction 210-250° C 2-87 

250-270° C 13-55 

over 270° G 1-53 

The authors report the pres3nce of pentane and hexane as yell as benzene in 
the fraction 75-95° C. and of heptane in the fraction 95-1^25° C. The two following 
fractions are stated to consist of benzene, toluene and the xylenes. The tar acids 
were found to contain a high proportion of cresols. Naphthalene and anthracene 
were absent. ’ 9 

The presence of benzene and tnuene in quantity in this tar is remarkable in 
tit it the carbonising temperature was not greater than 500° C., out may have been 
dift to overheating of the tax' vapours in the retort. In this connexion Whj taker 
and Crowell 1 state from their investigation of a Pennsylvanian coal tl at Ihese 
hydrocarbons are first formed at 500° C. and 400° C. respective , and that n aximum 
yields are obtained by carbonisation at 800° C. for benzene, 700° C. for toluene 
and 600° C. for xylenes. If this be so, true low* tempera ure tar may contain appre- 
ciable quantities of all three products. % 

In Germany, the chief workers have beln Fischer .and Gluud, 2 and ^ey have 
directed special attention to the j ossible yields of light hydrocarbons. The .following 
, r# % 

1 Whitaker Crowell. J. Ivd. Eng. Chem., 1917, 9 , 261-& 

2 Fischer and Gfeiud. Ber. f 1919, 52 , 1053, 1008 ; (As. Abh. z. d, Kohtt, 1918 , % 46. 


Heavy I 
oil 1 


From this tar the yields obtained by 


Light 

oil 


Phenolfi, etc. 

Amides and ba^es 
Fraction 75- 95° C. 
95-125° C. 
125-170° C. 
170-200° C. 
2()P-21G 0 C. 
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yields were obtained with three different coals, the distillation range of the liquid 
being such that 95 per cent boiled below 190° C. : — i 

Yield, percentage 

L ( * by weight of coal 

used. 

Gas coal (Lohberg Mine) . ! . l-23 r 

Bituminous coal (Osterfeld Mine) . . * 0-67 

,, ,, (Minden Mi$o) * . . 100 

l i 1 ^ V r * 

These “ spirits ” on fractionation yielded tfye following : — 


20-60° C. 


60-100° 0. 


100-125° C. 
125-190° C. 


. Paraffins, chiefly C 5 H 12 and 6 jJJ 14 and 
some imsat urated hydrocapJ one . I )ensit' / 
about 0*65 at 8° C. ~ ' 

. Mixture of paraffins, naphthenes and 
some nitrogen and sulphur compounds. 
No benzene was found. Density about 
0*72 at 20° C. . 

{ Paraffins, naphthenes and complex 
aromatic hydrocarbons. Density about 
0-77 and 0*87 respectively at 20° C. 


The authors also describe certain properties of the higher fractions obtained 
from tar and discuss the separation of certain solid paraffins ranging from C 2 4 H 60 
to C 29 II 60 , which amounted to 0-4 per cent of the bituminous coal tar and to 1-5 
per cent of the gas coal tar. It should be noted that agaift no naphthalene or 
anthracene was detected.* < 

r «• 

NITROGENOUS AND SUlpHUR BODIES 

As stated *by Josefs' and Wheeler, 1 the jferqcntage of nitrogenous bodies in low 
tempefature tarsus less than one. This has been borne out by the work, of 
other^ investigators, as shown by the following list - '* ' ,/ 

Per cenA 

. (Ki Amines 
. 0-2 (Bases 

. (MG Pyridine bases 
. 0*32 Bases 

1 Jon/i and Wheeler. “ The^Composition tjf Coal.” Journ. Chnn . S 'oc. f 1914, 105, 14J. 

2 P^r and Olin. “ The poking Vi Coal at Low Temperature.” ifulletin GO, Univ. of Illinois. 

‘ 8 Pictet, IKaiser and ^abouchefc. Ctmpt. rend., 1917, lte>, 113. v v 

4 Gluud. i O fes. 4?'h. z. Keryit! d.* 1918, 3, 4G. V 

c Morgan and Soule. ' “ Examination of Low Temperature Coal Tars.” J. Chem.\ 1923, 

15, 587-91. X « 


4>arr and Olpy 

Pictet, Kaiser* and Labouchere 
4 Gluud r . . t . 

^Morg?n and So? lie . V ' 
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The most complete work tm the isolation of these bodies from tar is that of 
Pictet and his co-workers. Thfcy found no* pyridine, but isolated a number of 
saturated hydro-derivatives of quinoline and iso-quinoline. 

No literature is at present available on ^he sulphur bodies present, but the 
amotmt of these is very small. * 

CHARACTERISTICS OF LOWd/f EMPEfe SURE TAR OBTAINED FROM A 
• LARCESCALErPLAi:^ 

From what Jjas already been laid, it is obvious that the nature of the low 
temperature tpr produced on a large scale will depend to some extent on the 
rapidity with which Hie vapoujs are removed from the retorts, and therefore from 
the possibility of secondary decomposition. 

In any tar prepared at low temperatures the following general characteristics 
may, however, be expected 

(1) That it will contain hydrocarbons chiefly of the paraffin and olefine series 
with some naphtherfes and from 10-15 per cent of phenols. 

(2) That the quantity of benzene and its homologues will be small, but will be 
made up for by the presence of light paraffins such as hexane, etc. 

(3) That the higher phenols, such as cresol, will be more represented than 
phenol itself, and there will also be present certain polyhydric alcohols. 

(4) That the content of free carbon will be less than 2 per cent, and that of 
pitch will be 35-40 per cent. • 

(5) That there still be up tu 1 per cent of basic nitrogenous substances including 

pyridine. # 

, If, however, tbfc tar has been subjected *to overheating in the state of vapour 
or to condensation and re-distilla;.'on in the rete rt, it will contain small quantities 
of the substances more particularly identified with high t emperature tar. These 
.fre the aromatic hydrocarbons, naphthalene, anthracene, etc. , It will als(f contain 
i Al increased amount of pitch and free carbon. 

In many of the present commercial scale systems the tar has been "treated 
entirely as a by-producV, and attention directed chiefly to t^ie production of good 
coke. It is therefore only in certain processes that particu ffifs am avail" ule of the 
tars produced, and these are set out for comparison in Table XXX 

A more complete examination tjf the tar prodifeed from several English coals in 
semi-large scale work at G00° C. has bc<m carried t out at H M. Fud Research 
Station. 1 The tars prguuccd a e typical of straight low temperature carbonisation, 
* • • • 

1 Fuel P?' ^ ,yi Board. Report for Years 1920, 1921 % , Section : Row Temperature 

Carbonisation.” •(H.M. Stationery Office.) 
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and the yields and nature of the tars, together with the details of refinery and 
distillation of the fractions, are given'in Tables X'XXI-XXXV. 

From these results, only a slight idea can be formed as to Whether or not the 
tars produced on a larger scale are \ identical with those already described in the 
work of different investigators on labo-atory-forified tars. So far as the results 
go, the systems m which the products of carbonisation are removed as rapidly as 
possible produce tars which are quite .comparable with those .quoted from the Fuel 
Ke search Board report. %\ / 


TABLE XXX 

Main Details of Tars from Certain Full-SOai£e Processes 


• Process. 

H.M. Fuel 
Research Station. 

Tozer ' 
System. 

“ Sensible Heat ” 
j (Nielsen) System. 

Carbocoal. 

Sp. Gr. @ 60° F. 
Calorific Value, B.Th.U.’s 
per lb. 

1-033 

16,840 

1-060 

1-076 

16,000 


Distillation 

0-170° C. 

170-230° C. 

230-270° C. ? j 

270° C -Pitch . 

Pitch 

Loss . . ’ 

o/ 

/O 

Sp. Gr. 

O' 

/O 

Sp. Gr. 

% Sp. Gr. 

% 

9-1 
19-4 
12-8 
' 11-8 
46-6 
0-3 

0-842 

0-969 

0- 998 

1- 027 
1-197 

6-0 
16-5 
9-0 
36-0 j 
32-5 'I 

1 

0-80 

0;97 

0- 97 

1- 04 

/» — 

1 4-75 

20-0 
14-5 ’ 
24-0 j 
1 35 '0 J 
1-75 | 

0-80 

0-87 

0- 97 

1- 01 

4-7 

13-7 

11-6 

27-0 

43-0 

t" • i 

A- 

Tar Acids jper cent of Tar 
< 

17-3 

t 

10-22 

20-0 

35% of 
fraction . 
170-3C(/' 

i v 

Motor Spirit (crude) 

From g£„; galls, per ton 
From tar, „ - 

- ^ , *■ 

1-68 

I* 27 

1 

2-6 

1-3 

i 

i- 

1 

} 2-3 



TABLE XXXI 

> •* 

Analyses of Tar from Tests in Horizontal Retorts 
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170, 


TABLE XXXII 0 


Purification of Fractions from I\:ikT1ij,ation of Low Temperature Tars 

c ‘ 


' 

f 

Loss on extraction as percentages by volume of original fractions. 

I 0 *.. _ • <• . 


• / ’ \ 

* Fraction 

Coal. 

* f 

# 1 

0 

3. 

4 . 



To 170° 

170-230°, 

[230-270° 

270*310° 



C. 


c - . 

C. 

Dalton Main 2 . 

Caustic soda 

* h 

4*0 

43*0 

40*5 

26*0 


Sulphuric acid 

7*0 | 

9,0 

5-5 

6*0 


Washed oil remaining , 

89(1 

510 ! 

54*0 

68*0 

' 

Washed and refined oil 

83*0 

54*0 

51*5 

66*1 

Mitchell Main . 

Caustic soda 

* 2*5 ; 

43*5 

39*0 

26*5 


Sulphuric acid . 

11-5 

2-6 

5*5 

5*5 


Washed oil remaining . 

86*0 ‘ 

! 53-9 

55*5 

68*0 


Washed and refined oil 1 

76*5 

51*4 

52*2 

61-4 

Eilistown Main 

Caustic soda 

7*3 

52*0 

50*1 

36*0 


Sulphuric acid* 

9-7 

4-0 

51 

6*0 

t 

Washed oil remaining". 

83*0 i 

, 44*0 

44*5 

58*0 

i 

Washed and refined oil 

* 

70*8 

38*7 

40*3 

51*4 

60 per cent Mitchell Main . 

'/ 11 
Caustic soda 



4*3 

•16*0 * 

44*0 

30*5, 

6*5 

40 per cent EllistowA Main 

Sulphuric acid 1 

6*8 

3-5 

5*0 

• 

Washed oil reiiiajtiing . 

88*9 

50-5 

51 *0 

63*0 

* 

u 

Washed and refined oil 

76*5 

46*4 

45*6 

57 *J 


< • , 




1 

_Jv_ 


< TH^ USES OF LOW TEMPERATURE TAR 
( (<{) Directly as Fuel 

l&w temperature tar as made is suitable as a fuel for Diesel engines once it 
has beer/dehydrated and freed from Upended solid matter. Its calorific value 
<rangeif from 16,000 to 13,500 fe.Th.u' rer lb., bui^ owing s L 0 its flash point being 
below the atmospheric 'te/npefeture it does not conform to die Admiralty specifi- 
caivvn of 175° Any attempt to remove tlie light* spirit firom tl*j tar to correct 
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TABLE XX^XIII 

Low Temperature Tar. Distillation Ranges of Washed Oils from Crude 

Fractions ^ 

. - 0 


» 

Temperatures 

°C. 

• 

• 

• 

Dalton 

Main % 2. 

• 

Mitchell 
• Main. 

t 

Ellis town 

Main. 

Mixture of • 
Mifchell Main 
and 

Ellistown Main. 

J st Fraction (to 1 

7v>° C.) , 

1)5“ C. 

87° C. 

92° C. 

90° C. 


1st drop 

1st drop 

1st drop 

1st drop 

100 

0*5 

1*0 

0*8 

1*0 

110 

' 2*0 0 

3*4 

2*9 

3*2 

120 

22*3 

24*9 

12*9 

17*1 

130 

53-15 

55*0 

42*1 

45*1 

140 

70*4 

76*5 

6G*G 

70*9 

150 

93*0 

90*2 

84*1 

87*9 

160 

98*5 . 

96*5 

94*2 

96-1 

-- 


98*9 

98*0 

98*5 

— 

161“ 0. 

106° C. 

168° C. 

107° C. 

-- 

Fla ;k dry 

FJask dry 

Flask dry 

Flask dry 

Specific gravity 

• 


* 


at 15° 0. \ 

j 

* 0*823 

*0-831 

0-825 

“ V“ i 

2nd Fraction (17 

0-230° C.) 

V 

* 

(} 


170 

1st drop 

♦ 24 

1st djrop j 

1*0 

180 

1*0 

9*0 

2*0 

4,8 

* , 190 

. 10*9 

28*5 

11*9 

23*2 

*» 200 

30*6 * 

45-0 

1 28*4 

42-E 

210 

* 42*0 

S9-2 

42*9 

rd*i 

220 

l>2*() * 

69*8 

51*9 • 

64*9 

230 

- 01*5 

77*7 

G5*5 <1 
\ 88*1 

-7.8 

270 

83*0 

93*9 

» 92*0 

300 

30*0 

A 

t 

* * * 

Specific gravity 

* 

1 

• * • 

% 

at 15° C. . 


0|93 

D-898 

. 0^94 • 

4 



* 

' n • '» 

' %' ^ 1*’ ' ' 

• 


(' Continued on next pacjc.) 
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Table XXXIII (continued) 


Temperatures 

°C. 

Dalton 

Main 2. 

*>- 

i 

\ Mitchell 

Mi in. 

1 

t Ellistown 
Main. 

1 

Mixture of 
Mitchell Main 
and c 

Ellistown Main. 

3 rfy Fraction (23 

- 

r - 
CM 

1 

O 

K- 

t 

c 

220 ' 

* * 10-8 

5-9 1 

4-0 

230 

10-3 

23-9 * 

13*5 

12-5 

240 

22-5 

41-3 

26-6 

* 27-6 

250 

41-2 

56-0 

41-7 

L* 43-0 

260 

55-0 

68-9 

L 5^*7 ' 

/i 

51-7 

270 

67-8 

78-0 

66-3 

67-8 

280 

76-5 

84-6 

75-4 

76-8 

290 

81-5 

890 

, 81*8 

81-7 

300 

86-4 

920 

86-3 

85-8 

310 

— 

941 

... - . 

L , 90-6 

89-3 

Specific gravity 
at 15° C. 

— 

0-954 

0-955 

0-953 

4.th Fraction (27 
230 

0-310° C.) 


3-0 

i 

210 

— 

2-8 

* 

— 

250 

2-3 

7-9 

6-0 

2-8 

260 

5/3 

15-6 

8-0 

7-0 

270 

15-2 

26-9 

12-9 

15-2 

280 

28*4 

42-0 

21-6 «■ 

" 28-4 

290 

■ 42-5 

55-4 

32-5 

40-4 

300 

• 36*2 

66-1 V r 

" 44-4 

53-0 

360 

93-6 

92-2 

88-5 

91-5 

Specific gravity 
at 15° C. 

— 

‘ 0-992 

0 991 

i-2- 

0-995 

mt. l \ 

, 
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’• TABLE XXXIV 


* 

Low Temperature Tar. Distillation Ranges of Separate Tar Acids 
(Percentage^ by/ Volume) 


• * 

* Distillation 
• temperatures. 

• 

^ * 

( 

4 

Dalton 
Main 2. 5 

t 

i 

Mitchell 

Main. 

( # 

" 

Elliatown 

Main. 

• 

60 per cent 
Mitchell 
Main. 

40 per cint 
Ellisto.tn 
Main. 

From crude fmction 17(1-230° C. 

0- 9 

14*1 

8-7 

3*5 

0-196 . . . * . 

16*8 

34-7 

141 

5*9 

0-198 

29-5 

474) 

231 

13*2 

0-200 

43-7 

56-8 

37-2 

25*7 

0-202 • 

52-2 

64-0 

47*2 

36*0 

0-201 

6M 

704) 

5543 

• 50*3 

0-210 . • . 

— 

82-5 

73-7 . 

71*9 

0-220 

— 

90-4 

87*3 

86*2 

From crude fraction 230-270° C . 





0-210° C. . 

— 

31*2 

81 

15*6 

0-220 

— 

02-3 

43*8 

50*9 

0-230 

— 

78-2 

63*7 

69*6 

0-240 

* 

83*2 

73*8 

79*4 

* 0-250 ♦ . 

— 

87-7 

304 

84*5 

0-260 . . *. 

— 

89-5, 

83*7 

87*6 

0-270 

» » 


9143 

86*0 

89-4 

From crude fraction 2 7 0-3 10 \C. 

0-230° C. . . . 

S ■ 

i 

b 

51 ' 

i 

4*; 

3*6 

♦ 0-270 

— 

354) 

20*0 

# 35*3 

•,* 0-310 * . . 

— 

62-6 

63*5 

68*0 

* 

■ Jl 





, » 


Special Fractionation of Tar Acids from Dalton MLin Co*A2 


Percentage by volufne of tar 
Gallons peptcn t)f dry coal t| 


» 

•Fraction. » 

# 

*To 204° C. • 

1 

204-230 C. 

^30-310° C. 

1 5-4:} . 

* 5'94 , 

» 1-97 ’ 

0-71 *« 

’ * D-77 

0-64 

* 

1 1 

• / 


T 
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this would result in so much thickening that the Residue would fail to pass the 
tests for viscosity. ! ^ 

The adaptability of the crude oiljfor mixture with natural oils has been inves- 
tigated at H.M. Fuel Research Station^ arid it has been there found that out of seven 
oils chosen, two (American and shale oils) were quite immiscible, while r with 
Burmese, Texas and Mexican oils the only stable mixtures were those containing 
less than 25 per cent of crude oil. With Persian oil up to 10 per cent of tar can be 
added, but Reparation occurs in aK otjier mixtures. With only one oil — Trinidad — 
was complete miscibility found, and even in this case the application of heat was 
necessary. Details of these miscibility tests are given in Table XXXVI. 1 


TABLE XXXV 

WASHED AND REFINED OjLS FROM Tar CALCULATED TO GALLONS PER TON OF 

Dry Coal 


Coal carbonised. 

Dalton 
Main 2. 

Mitchell 

Main. 

El lit town 
Main. 

60 per cent 
Mitchell 
Main 

40 per cent 
Ellistown 
Main. 

Original yield of tar 

M00 

10-25 

12*87 


Fraction 0 -170° C 

Original fraction . ^ . 

1-56 

, 213 

1-22 

1*68 

Washed spirit .... 

1-39 1 

1-83 

I 01 

1*49 

W r ashed and refined spirit . 

1-30 J 

1*03 

0'86 

1*29 

Fraction 170-230° C. 0 

Original fraction , . . . 

2-90 

2-83 

2*53 

2*78 

Washed oil . « t 

1*57 

1 -53 

' 1*11 

1*40. 

AVaih^d and refined oil 

1*57 

• o 

1*46 

0*98 

1*29 

Fractioj&230~2 70 ° p 5 

Original fraction 1 . 

1-85 

2-3G 

" 1-88 

2*24 

Washed oil . . 

1-00 

1*31 

0-84 

1*14 

W&uhed and refined oil 

< < , 

0-9G 

1-23 • 

0-70 

i 

1*02 


1 Fuel Research Board. t Report tor Year,, 1920, 1921 ; » c 
Canonisation.’* (H.ivl. Stationer/ Office.) 


Second Section 


“ Low Temperature- 
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\ 

Coal carbonised. 

j 

Dalton ‘ 
Mam 2. 

Mitchell 

Main. 

- * * 

» 

Ellistown 

Main. 

00 per cent 
Mitchell 
Main. 

40 per cent 
Ellistown 
Main. 

Fmctiawm-m 0 c * 

Original fraction* 

J-66, 

2*03 J 

2-39 

2*39* 

Washed oil . % . . » 

1*13 

1*38 

1-39 

1*51 

Washed and fined qil 

MO 

1-25 

1*23 

1-38 

f . ...... 





^ 

Total of original fractions . • . 

7-97 

9-35 

8*02 

9-09 

Total washed and refined oils 

4-93 

5-57 

3-83 

4-98 

Total tar acids crude * * 

2*49 

2*71 

3*20 

3*07 

Total tar acids refined . 

! 2-12 

1 

2-34 

2*58 

,2-61 

Pitch, lb. per ton of dry coal 

* 

i 67-5 
j 

75-9 

56*9 

74-9 


Specially Separated Oils from Dalton Main Tar 2 


• 

Sp. gr. 

Per cent 
bv volume 

nails, per 
ton of drv 


J5°(\ 

of tar.* 

coal. 

Light naphtha to 160° C. . . * 

.0-82!) 

8-25 

M5 

Heavy naphtha, l(jb~200 y 0. % % \ 

0-870 

4-59 

0-64 

Burning oils, 200-270° 0. .« 

0-930 

11*93 

1-67 

Gas oil, 270-300° 0. . . . • V 

0-979 

’ 3-16 * 

0-76 

Si jlit lubricating oil^ 300-300° 

• t « 

1*00*5 

. 4 _ 

5-7.0 

6-71 

* Total . h 


35-33 

i . * 

4-t)3 , 



17 $, LOW TEMPERATURE CARBONISATION 

TABIyE XXXVI * 

Miscibility of Low Temperature Tar with Natural I uel Oils 





: * 

Frq portions 

1 

1 




, Fuel 

mixed. 

i 

Separation. 



r -Oil 





Name. 

Nature. 

Sp. gr. 



| 




15° C. 

v!iar. 

Oil. 

Amt. 

Nature of. 



r 

c 



* 


i * 







Shale 

Very fluid 

0-867 4 

1(7 

90 

6 

Semi-solid. 




25 

75 

11 

r 

e ^ 




1 50 

80 

14 

Black thiols Aw’d 




70 

30 

5 

>5 55 55 

American 

Very fluid 

0-902 

10 

90 

9 

Resinous and gummy. 




50 

50 

19 

>> >> >> 




(35 

35 

18 

Thick and gummy. 




j 75 

25 

A 

Black and fluid. 

Bur mail . 

Very fluid 

0-895 

| 10 

90 

8 

Gummy, resinous. 




i 25 

75 

12 

Semi-solid. 




! 50 

50 

18 

Thick, but fluid. 




05 

o r 

oa 

24 

5 5 5 5 




j 75 

24 

— 

No separation. 

Texas 

Fluid 

0-92(3 

I 10 

90 

11 

Thick and gummy. 




! 25 

75 

12 

55 55 55 




50 

50 

20 

Thick, fluid. 




j 05 

35 

18 

55 



'l 

75 

25 

— 

No separation. 

Mexican, . 

* , 
Very thick 

0-930 

10 

90 ’ 

5 

Thick, but fluid. 




25 

75 

10 

Fluid. 




‘ 50 

50 

— 

No separation. 




| 65* 

-35 

— v 

5 5 ( -. 5 5 

Persia#* *r j 

Thick < . 

0*942 

! io ! 

90 

— 

No separation. 




25 

75 

10 

Thick and fluid. 

r 

f 


50 j 

50 

20 

5 5 5 5 




75 

25 

25 

5 5 5 5 

Triifad&d . 

j| 

oV^ry thick * 

0*9§8 

10i & 

90 

l 

No separation, when heated 


« .. • 





during nvxing 




50 

50 

— 

55 c 55 55 




i 7 5 

25 

- — - 

55 55 55 
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Although the crude oil ffom low temperature carbonisation is not usually 
miscible with natural petroleum, Several methwls of treatment have been from time 
to time suggested in order to ova come this ^difficulty. In the Lessing 1 process, 
tar is mixed with a petroleum spirit which causes separation of the pitch, the 
mixture of oils and solvent being then subjected to steam distillation for recovery 
of the latter. V 

A sample of low temperature tar obtained from Arley coal was treated 
by Dr. Lessing according 0 to the above process.' This process consists "'in 
separating oils and pitch from tarjoy treatment with petroleum spirit free from 
aromatic hydrocarbons, \v hereby the pitch is precipitated and all the oils are dis- 
solved. Th.^prc?*ss is carried out at a temperature above the melting point of 
pitch ancTbelow the initial boiling point of the solvent, and thus a sharp separation 
of pitch and oils is obtained at a temperature of approximately 100° C. Tar acids 
and bases may be extracted from the oil solution and the solvent subsequently 
distilled off, condensed and Je-used without cooling, all operations being carried 
on in a continuous cycle. The tar acids and bases may alternatively be extracted 
after the removal of solvent? 

The following products were obtained : — 

(1) Licpior. 

(2) Crude Oil, i.e. oil after separation of pitch and low boiling fractions to 140° C. 

(3) Neutral Oil, i.e. crude oil after removal of tar acids and bases. 

(4) Tar Acids. 

(5) Tar Bases. 

(6) Fitch. * 

The yields were as follows : — * 

# v * f Neutpd oil^56*i% 

Crude tar oil 80-7% \ Tar acicts 24-4% 

[ Tar basep 1 0-2% 

• Pitch IG‘9^, 

C % ordinary distillation this tar yielded 44-2 per cent by weight of pitch. ^Vhen 
the oils are distilled frdrp an Engler flask only about 70 per jent can be distilled 
below 360°, leaving 30 per cent pitch. This, with the 16*9 per cent removed in the 
Losing process, corresponds to 43*1 per cent on the original tai\ 

The crude oil and neqtral oil weje both found be miscible in all proportions 
with a typical petroleum fuel oil. The oil solution was “ cat v so as minfmise 
the loss of the low boiling^constitwents of thejpriginaj tar. Consequently no attempt 
was made to bring tfyc oh within the Admir/ity specification m regards flash-^flhit.# 4 
By fixing a “ cutting ” point, which will mafe the oif comply with^he specification, 

1 Lessing, R. Patent N<3. 130,302. 
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a certain percentage of solvent is furnished by the ldvver boiling constituents of the 
tar itself. . 

The viscosity and setting points of both crude and neutral oils are well within 
the Admiralty specification. 

It is as yet too early to form any accurate idea as to whether the cost of treatment 
by this method would u? such as to make it commercially practicable, but experi- 
mental work is going on at II.M. Fuel Research Station and T elsewhere, upon the 
lines indicated. < r r " 

(b) As Fuels' after Distillation 

It is not necessary, however that the tar should be used in the crude state. 
By fractionation and refining good fuel and lubricating oik’ ,an ^ obtained, 
as well as a quantity of light spirit which, when added Jto that obtainable by 
scrubbing the gas, gives a mixture whose properties are very similar to those of 
a good quality petrol, and so is very suitable for use as motor spirit. The figures 
already shown in Table XXXV and presented in slightly modified form in Table 
XXXVII are those obtainable by fractionation 7 -nd refining of a tar which was 
obtained by the carbonisation of Dalton Main coal. The losses by refining are of 
course considerable, but the products are of good quality. 


TABLE XXXVII 

Separated Products from Tar from Dalton Main Coal 


Total tar per ton 14 galls. 

i 

! >Sp. gr. 15° C. 

Calls. per ton 
of Dry Coal. 

Light naphtha, to 160° C. 

1 0-829 

1*15 

Heavy naphtha, 160-200° 0. 

‘ (1-870 

0-64 

Burning oils, 200-270° C. . / 

'0-036 

1-67 

Gas oil, 270-?00° C. . . , 

0-979 

0-76 

Light lubricating oil, 300-360° C. . 

1-005 

0*71 

Total / . „ 


4*93 

Loss in refining .... 


3*41 

Tar acids 

— 

2*12 

Total . 


„ 10*46 

Pitch . 

i . 

■ ( 

•i j 

67*5 lb7~ 


(c) Tar Acids 

The tar acids amoufitpjg as they to 15 to 25 per cent of the total tar made, 
rfu-y also, be foind to bp.ve a considerable commercial application, as, for example, 
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in the manufacture of disinfectants. The actual yields of tar acids quoted in the 
literature available on the subject seem to f vary rather widely. Some of these 
figures are shown in Table XXXVIII. 

* TABLE XXXVIII 

Yields of Tar Acids from Low Temperature Tar 


• ' Tar Acids as per cent of Tar. 

Jones ojid Wheeler (Vacuum Tar) . . ' (5 -7 % 

Parr and Olin . . . * . . . 27*9 

S. R. Church, Illinois * 50-0 

V^rbocoal process 11*7 

m<i* Tozev process 22*0 

“ Sensible Heat ” (Nielsen) process . . 20*0 

Fuel Research Station 15-25 


In view of the wide variation in the yields, the figures accepted as probably 
representing average values are those of U.M. Fuel Research Station. Th<$ highest 
figure was obtained with coal of high oxygen content. It is possible, therefore, 
to obtain by low temperature carbonisation a yield of valuable tar acids up to 
3 gallons per ton of dry coal carbonised. 

The composition of these phenols has not been determined on any tar made 
by a large-scale process, but several investigators have indicated the substances 
obtained on an experimental scale. Jones and Wheeler in vacuum tar found chiefly 
cresols and xylenols. Pictet found no lower phenols in his tar except after it had 
been standing for several years, when he found phenol and the thiee cresols. 

Fischer and others have indicated the possibility of. yields up to 50 per cent 
of the tar and have made a rough reparation of the compounds as follows : — 


Cresols 
Xylenols . 
Higher Phenols . 
Acid Resins 


IV* cent of Tar. » 

1-2 (chiefly wi-cresol) . 

.' 1-2 

. 30-32 (containing trimethylphcnols) 

. 10 


Morgan and Soule gi/e the following* 
the Carbocoal process : — 

PJicnol 
Cresols 
Xylenols . 

Higher Fhenols . 
Resins 


composifion of phenols found in tar from 

P<$ cent of 'A&r. 

■* 0-6 
4-9 

.. • 2-8 



• 14-7 
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In this case the lower homologucs are in much higher proportion, and also all 
three cresols were in evidence in the ^proportions oi 27 per cent o# ,ho, 19 per cent 
meta, and 54 per cent para, or in contradiction to Fischer’s tar, with the m-crescl 
in the minority. In the tars examined at the Furl Research Station no phenol 
was present, about 5 per cent of cresols and 11 per cent of xylenols and higher 
phenols. 

Low temperature tars have beek shown to be particularly useful in the manu- 
facture of disinfectants. It may probably be assumed that this is due to the high 
bacterial co-efficients of the higher phenols and the high proportion In which they 
are present. * 

j.-L * ^ 

YIELDS OF LOW TEMPERATURE TAR 

The yields of tar obtained in H.M. Fuel Research Station horizontal setting from 
a variety of coals, vary from 13-7 gallons to about 15 gallons p£r ton of coal car- 
bonised ( being about 60 per cent of that given by similar coals carbonised in the 
laboratory assay apparatus. It is of course not impossible that, by modification 
of the plant, yields more nearly approaching the theoretical might be obtained ; 
but the figures quoted above illustrate the difficulty which is always experienced 
in large-scale plant in obtaining the maximum tar yields. In their estimates of the 
quantity of the products obtainable from low temperature carbonisation if and 
when it is established on a national scale, the Fuel Research Board adopt 14*5 
gallons per ton of oil as the average quantity which could be relied upon from a 
fairly wide range of coals. 



CHAPTER XIV 


THE PRODUCTS OF LOW TEMPERATURE CARBONISATION 

'motor spirit 

* INTRODUCTORY 

- V 

Motor spirit is available from both the gas and tar o£ W temperature carbonisa- 
tion processes. Frpm the latter its recovery:. is simple, and practically the whole 
of the tar fractioji to 170° C. can, when rectified, Ve utilised. This fractioif, as 
shown in Table XXXV, amounts to about* 10 per cent of normal tar production ; 
the available yjeld of fine spirit is therefore of the order of 1*0-1 *6 gallons per ton 
of coal ca^' onVd. This refined spirit consists chiefly of the higher paraffins with 
some Ifehzene and toluene and open chain unsaturated compounds. 

RECOVERY OF MOTOR SPIRIT FROM GAS 

The spirit in the gas can be recovered only by some scrubbing or condensation 
process. An example has already been quoted of the first procedure Tn which 
paraffin oil was used as tSc scrubbing or condensing agent, and the spirit obtained 
by rectification. 1 In this experimental work the yield of light spirit represented 
0*67-1*23 per cent of the coal carbonised, or from 2-0-3-8 gallons per ton of coal. 
In composition the spirit proved to be a mixture of saturated and unsaturated 
hydrocarbons, naphthenes, and complex aromatic hydrocarbons. Benzene was 
not present in any of the spirits examined, although its presence in small quantities 
in the products of low temperature ‘distillation is noted by Wheeler, Parr, Olin 
and others. • • 

In the Report of the Fuel Research Board for 192% 1921, 2 an account is given 
of the recovery of spirit by means of scrubbing with gas oil the low temperature 
’ gas made from Dalton Main co<*l . The work was carried ouj on a small scale, and 
gave a yield of refined spirit of 1*40 gallons per ton of coal at a specific gravity of 
^)*731 at 15° C. This work has since been repeated upon a larger scale, and a similar 
return obtained. The details of the small-scale test are shown in Table XXXIX 2 
together with the distillation range of the refined spirit. 

Other methods forth e recovery of tlfls light spirit from gas have been suggested, 
and in particular activated charcoal has been used by several workers as a con- 
densing medium. A. Engelhardt 3 has described its i\se for the recovery of benzol 
from illuminating gas a process whereby the* gas is passetr^rough activated 

1 Fischer and Gluud. “Meine Forschungsergebnisse auf /lem Gebiet Jer KoS*enextraktion.” 

Gluckauf i 52, 721-9. /? # 

2 Fuel Research J^oaru. Report for Years 1 '20, 1921; Second Section: “Low Teiflpratye 

Carbonisation.’’ (H.M. Stationery Oliiee.) g • • m 

v 3 A. Ervgelhardt. “ Benzene Recovery by means of Active Gfiibofi.”, GaV lournhl, 159,421 ; Gas- 
«. fFawer/acA, 1922, 65, 473. * * # ~ 
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charcoal, the condensed vapours being liberated after a suitable ^period by the 
action of superheated steam. After frying, the charcoal is used ?feain. A graph 
is there given showing the sorptive power of charcoal for benzene, alcohol, etc. The 

TABLE XXXIX 

Scrubbing Tests on Low Temperature Coal Gas from 

Daltu;' I\\ain Coal 2 
*> - 


Gas yield 320Q,eu. ft. per ton of dry coal. 


Duration of test, hours 

Test 1. 

Test 

50 

8-1 

Gas : — 

Total amount scrubbed cu. ft. . 

Rate in cu. ft. per hour . 

49-7 

0 <H2 

60-0 

120 

Wash Oil : — 



Rate in ccs. per hour 

1394 

1608 

Cc. per cu. ft. of gas 

229 

134 

Final concentration of spirit, per cent 

104 

1-60 

Yield of Spirit : — 



Total yield in cc. of crude spirit 

118-6 

130-8 

„ „ galls, per ton of coal . 

1-68 

1-54 

Refined spirit in c ?. 

102-0 

1180 

,, ,, ,, galls, per ton . 

1-45 

1-39 

„ Bp. gr. 15° C. . 

0-731 

i 

0-731 

! 

Engler distillation of Refined Spirit : — 



40° C. . 

First drop 


To 60° C. \ 

B 8% 


70° C. . 

23-3% 


80° C. . 

42-0% 


, 9)°C. . 

56-7% 


„ 100° C. . 

(38-0% 


„ 110 c c. 

77-8% 


„ 120° C. . 

85-0% 


„ 130^ C. . 

91-0% 

- 

, „ ii4o° c: . 

9L3% 


Flask dry at , 145° 0. . 

96-0% 
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• 

concentration of solvent vapbur in normal low temperature coal gas is of the 
order of 60-80 famines per cufric metre, andfit may be seen from the graph that 
fairly high sorptive powers may be obtained for benzene at this concentration. 
Whether the hydrocarbons present in low temperature gas are as readily condensable 
yet remains to be determined. Should they pjove to be so, the method would appear 
to be distinctly promising. 

QUALITIES OF THE SPIRIT AS tl FUEL FOR INTERNAL 
COMBUSTION ENGINES 

• f 

No adequate* work has yet been undertaken on the applicability of low tem- 
perature spirit the purposes of internal combustion engines. Preliminary 
tests, however, which We been carried out at H.M. Fuel Research Station, indicate 
that it is likely to prove entirely suitable. 

When the distillation ranges of the refined spirits are examined it is seen that 
the spirit collected from the gas is extremely light. So much is this the case that, 
when mixed with the heavier tar spirit, a mixture is produced which is similar 
in its main properties to the petrol at present marketed. The presence of an 
appreciable light fraction is, moreover, a decided advantage from the point of view 
of the starting of a cold engine. Table XL gives the results of a few experiments 
which indicate that the explosive range of the spirit is greater than that of petrol 
or benzol. 


TABLE XL 

Explosive Range or some Motor Spirits 



Explosive K^n£e. 
cc. Spirit per on. ft. of Air 
at i ; ; (j. 


Benzol, Sp. Gr. 0-881 . 

Petrol B.P. No. # l, Sp. Gr. 0-723 
Spirit frcAn Gas w • . 1 

Mixture 50/50 


• 2-7 to 0-V 
2-5 to 7-3 
% 2-3 to 9-5 
2-5 to UK 

I • ' 


As regards miscibility with other motor fuels, the following co^jisions # have 
been formed : — * . 

• # 

(1) That the spirit is miscible in all p^iportion* with* petrol aM the benzol St"' 
the 'British Standard,, specification. * * ' '' * 
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(2) That with alcohol the miscibility depends oil the strength of the alcohoL 
The solubility of the spirit at if.— 10° C. in alcohol is as follovp : — 

Spirit from Gas. Spirit from Tar. 

Alcohol 95% by vol. . . 74 2 — 

,, 90% by vol. . 4 5 . 16-3 

,, 85%%y vol. ... 7-1 25-7 

C f 1 

(3) That with benzol and 95 per cent alcohol ini&ed in equal proportions the 
miscibility of the spirit at — 10° C. was 60 per cent, or the mixture con- 
tained : — 

Spirit 60 ^ . « 

Alcohol 95% . . . ' . 20 V 

Benzol 90% . . . .20 

(4) That the slight tendency which even refined spirit hai to darken on standing 
owing probably to resinification taking place, is prevented by the alcohol ; 
or, in other words, the resins formed are not -deposited, but retained in 
solution by the alcohol. 

It would appear, therefore, that, so far as experimental work has yet indicated, 
the spirit from low temperature carbonisation is suitable for use in internal com- 
bustion engines, either alone or in admixture with alcohol, benzol, or petrol. 

The total yield of motor spirit from gas and tar under favourable conditions 
will amount to about 3 to 4 gallons per ton of coal carbonised. 



CHAPTER XV 


NITROGENOUS PRODUCTS FROM COAL 

\ • f 

INTRODUCTORY 

The ammonia obtained ii^ most processes of low temperature carbonisation 
doetf not form an asset of any importance in the balance sheet ; indeed at present 
prices it would in many cases hardly pay for its recovery. In a limited number 
of processes* however, the conditions are enemas to render it possible to obtain 
yields approaching Jhose of coke ovens or gas works, Put c,T*en then it ^ill often*be 
found that di sad vantages ^have presented tAemselves which more than offset the 
increase m valu^ in the ammonia yield. 

In cdf* to -/J'tudy ‘the subject of ammonia production by low temperature 
carbonisation, it is necessary tt) discuss the matter from ‘a fairly wide point of view 
in order to see clearly the reasons which lie behind the low recovery of nitrogen 
in the subject under consideration. The present chapter will therefore be devoted 
to a short discussion of* amm<?nia recovery in the various processes of gas and coke 

manufacture in addition to that of low temperature carbonisation. 

% 

THEORETICAL AMOUNT OF AMMONIUM SULPHATE FROM COAL 

The usual nitrogen content of bituminous coals varies from about 1-3 per cent 
to 1*0 per cent, or from 29 lb!' to 36 lb. per ton of coal. Were it possible to convert 
the whole of this into ammonia, the production would lie between 35 lb. and 41 lb. 
of ammonia, corresponding to ammonium sulphate yields of 137 lb. and 170 lb. 
per ton of coal. 

t 

YIELD OF AMMONIUM SULPHATE IN THEtCARBONISATION 
INDUSTRIES 

In the ordinary carbonisation '’ndustries, the production* of ammonia, which 
is shown in Table XLI from ftie Fin^il vReport of the Nitrogen Products Committee, 
14)20, falls far below that theoretically possible from the nitrogen in the cfrnl, and 

TABLE XLI 

• i % 

Production of Ammontum Sulphate from C!oal 
* (Nitrogen Products Committer) * * 

Ammoi^jra Sulphate 

Industry. \>$r. (lb. per of Coal). 

GasWorks .V . w . . 1911-13 ?2-7-&d) 

1917 , 224 

Coke Ovens (All types) . . 1917* 18*0 

,, „ (Recovery) . 1917* *24-0 • 

, Gas Producers f 1911-13’ •* 

„ • * . # . T917 66*3 # 

185 * 
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for the usual gas works and coke oven practice amounts to little more than 20 lb. 
per ton of coal. For gas producers, the yield is greatly increased, /and in the Mond 
producer, where 2 to 24 tons of steam ai;e introduced per ton of coal carbonised, 
the production of ammonium sulphate reaches 90 Ji>., or some 60 per cent of the 
theoretical yield. The reasons for th^se wide divergences will be discussed latter. 

*o 

, PRODUCTION OF AMMONl/. IN THE THERMAL DECOMPOSITION 

f C C OF COAL 
( 

The amounts of ammonia which are evohed when a coal is carbonised vary 
with the temperature attained, inderson and Roberts 1 in 1898 showed that when 
coal is heated out of contact with air the temperature at whiCn the eWution of 
ammonia begins depends upon the “age ” of the coal in question, and varies from 
333° C. for “ young ” coals to as much as 480° C. for anthracites. In 1908 this result 
was confirmed by Christie, 2 who showed that, whije the evolution of ammonia 
begins at about 350° C. in the case of gas coals, it is delayed until about 450° C. for 
anthracites. He stated that the main evolution is jjound between 500° C. and 
700° C., and that beyond this upper temperature little further evolution occurs. 
Later, Simmcrsbach 3 gave figures showing the relative amounts of nitrogen occur- 
ring in coke, gas, ammonia, tar and cyanogen at different carbonisation tempera- 
tures. His figures, which are given in Table XLII, show that ammonia production 
is a maximum at 900° C., but that even at 1200° C. more than 25 per cent of the 
original nitrogen is retained in the coke. 


TABLE XLII 

Amounts of Nitrogen in the Products of Coal Carbonisation 

(Simmers!) ,ch) 


Temperature of 
Carbonisation 
< °C. 

Percentage of Nitrogen in 

Ammonia. 

Gas. 

Tar. 

Cyanogen. 

Coke. 

, 600 . 

7*81 

18*13 

L *12 

0*25 

71*69 

700 . 

18-13 

•12 13 

3*65 

0*66 

65-43 

800 . . 

21 -28 

10*73 

3*47 

0*87 

63*65 

• 300 ' . . 

241 2 

12*14 

4-15 

1*19 

58-40 

1000 ( 

2315 

21*53 

111 

1*23 

49-9? 

1100 . 

23*09 

30*51 

3*70 

1*31 

41-39 

12d0 < ' . 

22*84 

45*10 

4*21 

1*42 

26-43 


L 1 ‘Andersen tnd Roberts! “Tfco Recovery of Nitrogen m Coal Distill tion.” Journ. Soc. Chem. 
Ind., 18, 109?. , ^Christie. Ina 7 . Dias., Aachen, 1908. 

** 3 Simmersbach. “ Untcrsucb jngen ober die Bildung von Ammoniack und Zya».wasserf ;off bei 

der St.'unkohlen Distillation. ' { rftahl und Eisen, 1914, 34, 1153, 1209. 
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Several worlds have since given attenfrimi to this important subject, and 
attention may b5 drawn in particular to the* results of Burgess and Wheeler, 1 
which are given in Table XLIII. These investigators distilled 2 grammes of coal 
at temperatures ranging from $>0° C. to 900° C. in steps of 100 degrees, and the 
rapid Removal of the products evolved in ea6h stage was provided for. With a 
Silkstone coal # the evolution of ammonia continued up to 1)00° C. In a repetition 
of the experiment, this time in a vacuum, the e'vWtioi^ of ammonia began below 
350° C. and continued to 600° C., above which temperature* no further* ammonia 
was expelled. • # 4 

The amounts «of amyionia evolved in these experiments again represent only 
a small fraction <j[ the total nitrogen of the coal heated. It must, however, be 
borne in mind that ammonia is a gas which, under the influence of heat, readily 
dissociates into its constituent elements. The actual ammonia yields do not 
therefore necessarilj express the amounts formed, but only that which has survived, 
partial dissociation undoubtedly adversely affecting the yield. 

TABLE XLIII 


Ammonia Has Evolved at Different Temperatures 
(Burgess and Wheeler) 


Temperature 0 C. . 

Total Gas evolved in ecs. 

per 

450 

500 

600 

700 

800 

900 

gramme of coal . 


12-0* 

29-9 

99*0 

124-0 

218-0 

268-0 

Percentage of NII 3 • . 


4*7 

1*35 

1*40 

1*60 

* 1-00 

1-00 


# . DISSOCIATION OF AMMONIA 

* O * # 

Ramsay and Young 2 have show*, that the decomposition of ammonia gas by 
heat starts at 500° C., and under favourable conditions, which depend largely 
up%n the area and nature of the surfaces to which Jhe gas is exposed, is practically 
complete at 800° C. This temperature ■ is, howe T .«ei, that at which in gas-making 
practice ^he highest yieljJ of ammonia is ^miucecf, as is well illustrated in' Ta bib 
XLIV given by Lewes 3 afid as would be anticipated from tl& work of Christie, 
Simmersbach and Buagess and Wheeler. f • ’ ' ' ' • 

*Tjater work has shown that the explanation of this a pparent^oh trad iot ion is 
to be found in the retarding action # of certain of tTie constituents <)?^he gaseous 
products of carbonisation upon tjie normal rate of dissociation uf the' ammonia 
gas. 

• 1 Burgess and Wheeler. “ The Volatile Constituents of Coal." 5 ’ j£rg?if. Chen>s$oc. t W 10, 97, 1917. 

2 Paftm3ay »ad Young. “The Decomposition of Ammonia by Htat.'” J'rUns. Cnem. 8oc.> 1884, 88# 

3 Lewes, Viviaif Carbonisation c // Coal (Beim Bros.) * * 
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Recently, Mott and Hodsman 1 , have made a study of the decomposition at 
different temperatures of mixtures ^of 1 per cent" to 2 per cent*of ammonia with 
various other gases, for example coal g?s, hydrogen and nitrogen, the experiments 
being carried out in the presence of a firebrick “ chattered ” by the attack of salt 
vapours in a coke oven. ' 


CABLE XLIV 

Ammonium Sulphate at Different Temperatures (Lewes) 


Temperature. 

°C. 

400-500 

500-000 

000-700 

700-800 

800-900 

900-1000 

1000-1100 


p 


Afanonium Sulphate, 
lb. per ton otCoal. 

IV 

15 


17 

20 

20 


24 

20 


In nitrogen the decomposition of ammonia was found to* be perceptible at 
500° C., and was complete at 000° C. In hydrogen, however, the dissociation was 
checked, the same speed of decomposition being reached at temperatures about 
150° higher than in nitrogen. For example, at 660° C., when the ammonia 
was almost completely decomposed in the* atmosphere ot nitrogen, decomposition 
in hydrogen wa„ only just measurable. 

In a mixture of 1-2^ per cent of ammonia^ with coal gas, 3 per cent of water 
vapour was found to reduce the dissociation v-t 700° C. from 17 per cent to 2 per 
cent, and at 800° 0. from about 90 per cent to about 30 per cent. At 850° fh 
dissociation \j r as completely arrested when about 25 per cent of water vapour was 
present in the mixture. It was therefore" concluded that water vapour exerts a 
stTong preservative action on the ammonia diluted with coal gas. 

It has been suggested that as the dissociation dr ammonia is closely related to 
the prevailing temperature, the presence of oxygen may increase ammonia losses 
by causing loyal rise of temperature. In Mott and Hodsman’s experiments, 
however,* small proportions of oxygen were found to retard dissociation. Jttie 
explanation orchis fact was x ascribcd to the probable ( preferential union of the 
oxygen vffii hydrogen to form water vapour, the latter having been proved to 
exercise a strong inhibitor) effect upon decomposition of ammonia. 

, i* 

» a ° 

1 Mott und F' Osman. ‘‘.Factors influencing the yield of Ammonia in the Carbonisation ot 
%Coal.” Qas Journ., Au$f. If apd 62, Sept. 12, 1923. ^ a 
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AMMONIAyKODUCTION, IN AN ATMOSPHERE OF HYDROGEN 

t Tervet 1 in 1883 passed a current of hydrogen over coke heated to redness in 
an iron tube, and fouftd that lar^e volumes of ammonia were emitted, the aggregate 
ammonia yield from the coal being increased by about 100 per cent. From a 
hard, high temperature coke, however, heating in hydrogen did not produce 
ammonia. Tbrvet’s results were confirmed and (^tended by Beilby 2 in 1884. 

Further work wjs described in 1908 by Christie, 0 * who# found that a current 
of hydrogen had practically no effect upon Hie ^distillation of coal at 480° C., and 
that further, whjn a gramme of ShaWock coke was heated at 670° C. in a stream 
of gas con coining, f>5 per cent of hydrogen, there was no diminution in the nitrogen 
content T>f the coke brought aftout. He concluded, therefore, that the action of 
the hydrogen was not * to cause an increased emission of nitrogen from the coke, 
but only to dimini^i the dissociation of the ammonia formed. 

Cobb 4 has determined the* action of hydrogen upon soft, medium and hard 
.cokes (made respectively at 500° C., 800° C. and 1100° C.) heated successively 
at 600° C., 800° C. and 1000° C. 

During the coking process to 500° C., 21-6 per cent of the nitrogen of the coal 
had been expelled in various forms, 78-4 per cent remaining in the soft coke. 
Further heating in hydrogen seduced the nitrogen content in the coke to 28-2 per 
cent of its original value (22-1 per cent of that in the original coal) ; but of the 71*8 
per cent loss which this represents, only 34-2 per cent (or 26-8 per cent calculated 
on the nitrogen content of the coal) appeared as ammonia, the remaining 37-6 per 
cent (29 -p per cent calculated on the coal) having been lost chiefly as free nitrogen. 
The effect of the heating was practically complete at the £00° C. stage, there being 
little further loss of nitrogen or riboyery of ammonia in the stage of heating at 
mo° C. • • « f . 

Similar treatment of the jnedwln coke, which retained 49*7 per cent of the 
nitrogen of the original coal, resulted* in a loss of 41-0 cent of its iptrogen 
per cent calculated on the nitrogen content of the origmal coal), of which, 
however, only 3-9 per cent appeared &3 ammoifia* Further experiments showed 
that the evolution of anwjionia ^as not ytt tfompltted, and that prolonged neating 
would have resulted in more coming off. & 

^JVith the hard coke, produced at 1100° C., there was no diminution &i riitrogen 
content on heating in the^ hydrogen atmosphere, am} no ammonia *\as evolved. 

1 Tervet. “ On the Production of Ammonia from Coke, resulting from°the # Dostruc*Ve Distillation 

of Coal.” Journ. Soc. Chem. Ind., 1883, «3, 445. • 

2 Beilby, Sir G. “ On thel^roduction of Ammonia from thfi Nitrogen of Minerals.” J4trn. Soc.. 
Chem. Ind,, 1884, 3, 216. $ 

* 5 Christie. Inaug. Diss., Aachen , fl)08. 

4 Monkhowse, I., and Cobb, J. “The Liberation"!^ Nitrogen {fdih Coakand' fcoke as Ammonia.” 
Report of Gas ResArch Fellowship, f 921 ; Trans. Inst. Oas Eng., 1930, *1921, p. 013. • # 
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Briefly, then, the action of the hydrogen on the soft coke effected a considerable 
attack on the nitrogen present in the coke, and there were formed increased 
quantities of ammonia, recoverable because formed under suitable condition. 
With the medium coke the effect of the hydrogen y\as less marked and the amount 
of ammonia recoverable was smaller, whilst the hydrogen did not attack the hard 
coke at all. The rate* A recovery of ammonia was always more rapid at 800° C. 
than at 600° C. «•’ < 

In an extension oi this wor^ 1 94*3 lb. of sulphate of ammonia per ton of coal 
was obtained by heating a soft cokc slowly in hydrogen in stages to 1000° C. 
Between 800° C. and 900° C. the coke lost 11-7 per cent of its original nitrogen, of 
which 6-5 per cent appeared as ammonia ; while from 900° C], to 1900° C. only 
3-1 per cent of the 9*4 per cent of nitrogen lost from the coke was obtained 
as ammonia. Even above 1000° C. some ammonia was formed and escaped 
decomposition. 

It was therefore concluded that the presence ot hydiogen in the preliminary 
carbonising period 500-800° C. “ in addition +o any preservative action in- 
retarding the dissociation of ammonia once formed, nas a specific action in that 
it is capable of liberating a portion of the ammonia which would otherwise be a 
stable constituent of the cokc.” 

At 1000° C. the nitrogen in the coke had been reduced to 11*2 per cent of its 
original value, and was still decreasing, but the rate of emission had become very 
slow, and was chiefly in the form of free nitrogen. 

AMMONIA PRODUCTION IN AN ATMOSPHERE OF STEAM 

S' 

In his presidential address on ammoni 0 . supplies to the Society of Chemical 
Industry in 1889 I^ond remarked that it had bicn the custom m his laboratory 
to estimate nitrogen in cokc by burning the coke M in a current of steam, which 
converted the whole Vi the nitrogen present into ammonia. The effect of steaming 
in increasing the ammonia yield in carbonisation processes is^well known. 

Fallowing upon their earlier’ work, Mbnkhouse and Cobb 1 set themselves 'to 
determine what amounts of additional ammonia*, it is nnssible to obtain from a 
coke after the |irst period, ,of heating to 500° C. is passed, by further heating (1) in 
an iner? r gas such Us nitrogen, and (2) in such a “ potentially reactive” gas. as 
hydrogen or st£t»m, which might be capable of attacking nitrogen compounds with 
forination ^ammania. 

By heating to 800° C. in the nitrogen atmosphere, ammonia to the . extent of 
abo*P; 10 per cent of the nitrogen of the coke was evolved, but the total loss of 

1 Monkiiouse^d Cobtf: <'‘ r T ( he Liberatioifof Nitrogen and Sulphur from Coal ant 1 Coke.” Report 
4!>f.Gas Rtf^eareh Fellowship*' lt2 2 ; Trans. 1 hist. Gas Eng., 1921, 1922, p. 137. 
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nitrogen from the coke was abdut three times t this amount, the rest being accounted 
for as free nitrogen. A stream *>f hydrogen was then substituted for the nitrogen 
and further ammonia immediately resulted, ultimately equivalent to a further 
31 per cent of the nitrogen of^the coke. The remaining coke was then subjected 
to steam, and additional ammonia to the extent of 39 per cent was recovered* 
Determinations of the nitrogen content of the residual colto after each stage show r ed 
that the ainrhonia production in the last twa stages agreed with the nitrogen losses 
from the coke. It was found'that, by submitting the cbke U a steam current onfy, 
the same final yield of ammonia was obtained v When carbonisation was carried 
out in steam throughout ’it was possible, within the errors of experiment, to obtain 
the whole c \{ the,, nitrogen of a coal as ammonia, which was liberated much more 
rapidly fhan in hydrogen , 0 

When a hard, high temperature coke was heated in steam, the nitrogenous 
constituents of th^ coke were attacked, but the liberation of ammonia was far 
slower than in the cas& of soft coke ; there was, however, a steady evolution of 
. this gas. Free nitrogen was also shown in the balance sheet, suggesting •decom- 
position of some of the ammonia formed. 

NATURE OF THE NITROGENOUS CONSTITUENTS OF COAL 

It may be inferred froni the results obtained by Siramcrsbach, Cobb and 
Monkhouse and others, that the nitrogen in coal is probably present in more than 
one form. One of the, nitrogenous constituents apparently gives ammonia on 
simple distillation, while the other (or others) is more stable, but is attacked by 
hydrogeiF or steam with formation of ammonia. * 

Christie suggested that coal contains “ imino nitrogenous compounds which 
decompose belojv 9Q0° C. yielding ^ammonia; and very stable “ nitride ” forms, 
\fhich remain in the coke after ordinary carbonisation, but ^hich are gradually 
expelled as free nitrogen whcif the temperature is raised frojp,900° C> to 1900° C. 
♦Cobb suggests that there is indication of “ amino ” groups, which give aifimonia 
b^ simple distillation* and rqpre stabje compoqiMs which are possibly complex 

ring formations wit h nitrogen existing in the .ring. , 

• • # • 

PRODUCTION OF AMMONIA IN GAS WC'RKS.JPR.XHlOJi' • 

In normal gas-making the primary formation of ammon«^&curs by the 
decomposition by beat c2 nitrogenous organic substances iiwthfl coiJi> followed by 
its secondary formation at higlier temperatures prockiced by the action of the 
hydrogen in the coal-gas tpon the soft coke at a red* heaf % Tliis amnion ia^jp the 
•temperature rises, would undergo more ajd more t dissociation u antf ^vould con-* * 
sequefitly tfe evolved in eve$- decreasing quantities, *u$il# at abc^it 800° C. th# 



LOW TEMPERATURE CARBONISATION 


production would be nil, were it not for the checking action of the hydrogen present 
upon the dissociation process, which, hs has been shown, exercises a /marked influence 
upon the ammonia yield. 

The explanation of the effect of steaming in vertical retorts on the ammonia 
production becomes clear from the previous considerations. The advantage of 
steaming for high tempfciature carbonisation are unquestionable. It is now clearly 
established that increased therms Un the form of gas and increased quantities of 
tar and arrvnoniacal liquor a£e to be t obtained by this method, although the quantity 
of coke is reduced. In regard to the ''production of ammonium Bulphate, full-scale 
experimental work at H.M. Fuel Research Station 1 produced thq results given in 
Table XLV. ' , 


TABLE XLV 


Effect of Steaming on Production of Ammonium Sulphate 



Percentage of 

Ammonium Sulphate. 

Coal. 

Steam. 

(lb. per ton of coal.) 

Consett .... 

Nil. 

14-65 


5-24 

17-30 


20-95 

20-00 

Mitchell Main Gas Nuts 

Nil. v 

16-27 


5-06 

18-75 


12-44 

21-8 


20-53 

21-2 

Main and till, Lanarkshire 

30-03 

21-95 

Nil. 

32-6 

i 

22*05 

t 

43-9 


Salmang 2 has stated that the A atio of carbomto nitrogen in coke remains constant 
whilst gasification in « steam is taking places Jf this observation is substantiated, 
only limited steaming could be used for increasing ammonia production in su^h 
processes as are designed to yield *coke as a principal product. Cobb has suggested 
that at each temperature stage, in ste^m there is probably a double reaction 
taking place : (1) a 1 decomposition of ammonia yielding compounds in the coke 
suclr&s ’tfosomp&nieft & rise -of temperature even in an inert atmosphere of nitrogen ; 
and (2) a reaction also liberating ammonia, but accompanied by and probaoiy 
conditioned by "the gasification of the carbon of the coke. ( 

te t' 

1 JXjsl Research Board. Report for Years 1920, 1921: First Faction: “Steaming* in Vertical 
,Gas R torts.” (IJLM. Stationery Office.) 

2 Salmang.’ “ Dissertation der Technischen ; Hoehschole AAchen,” 1914. See, Markgraf “Ammonia 

Formation in the Cisificetioh <ri f O oke and Coal'^y Steam and Air,” Journ. 8oc. Chem.Jnd 1)116, 35, 
366 ; StaU und Ei'en , 1915, $5$ 905, o 
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YIELD OF^jAMMONIA IN, LOW TEMPERATURE CARBONISATION 

( In view of the widely divergent, and iw some cases extravagant, claims of some 
inventors for the yiefd of ammonium sulphate by their respective processes, it has 
been* considered desirable to discuss at romo length the latest researches in the 
nitrogenous products from coal. It is evident from whaThas been said, that in 
carbonisation processes so effected that no part of the coal is heated to temperatures 
higher than 600° C f the yield of ammonium smohate froth bituminous coal will 
be of the order of 15 lb., per. ton, though <5vea in this case, if the products are 
subjected unnec^sarily to the full temperature of the retorts for any considerable 
time, a jproportiu-n of the ammonia will bo decomposed in accordance with the 
results of the investigations of "Ramsay and Young and Mott and Ilodsman. At 
such comparatively low temperatures, however, such losses are not usually very 
considerable, the greater part of the nitrogen of the coal still being retained in the 
coke. 

• In processes where carbonisation is carried out in stages, it is possible, without 
altering the nature of the products first driven off, to secure increased aggregate 
yields of ammonia by the subsequent attack of the hydrogen in the coal gas liberated 
upon the nitrogen in the hot coke, and its further action in retarding dissociation. 
For example, in the “Pure Coal Briquette ” and the “Sensible Heat” (Nielsen) 
systems, where the temperature is graded in such a way that the coke first formed 
passes through successively increasing zones of temperature, the amount of nitrogen 
liberated as ammonia is continually augmented as the temperature rises. The fact 
that then gases escape via the cooler end of the retorts tends it) preserve this 
additional quantity of ammonia. • 

A readily availabje way of determLing the possible yield of ammonia from coal 
is' provided by the assay method already mentioned. The fields of ammonia 
from various coals as given by*this method have been correlated with those obtained 
fr*gn the same coals in horizontal Vetorts at II.M. Fuel Research Station, and 
hav j been found to be substantially the same. 1 0 

' In some of the proposed manufacturing processes the yields quoted are extremely 
high when the above coif&deratkms are ttfken into* account. Some of these claims 
may be justifiable in those cases where the conditionsifavopr tin* production of 
ainmonia by the secondary reaction, but in the majority of cases i^ is extremely 
unlikely that yields excc^ing 12 lb v of sulphate of* ammonia per + on of coal can 
be obtained. In both the assay apparatus and the horizontal steel retorts of R*M. 
Fuel Research Station the yields Varied from 5 to IQ lb. per ton according) the 
type of coal carbonised. 

1 F’iel Research Board. Report for Years 1920? 1921 ; oeconcf ,:>ucuctn : “ Low Temperature 
Carbonisation.’^ (BSM. Stationery O&ce.) * * » • • # 
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In a normal bituminous coal containing 5 per cent moisture, the yield of liquor 
per ton of coal would be approximately 10 gallons from the coal itsfclf, and 11 gallons 
from the moisture, or a total of 21 galloons. 

In order to pay for recovery, this liquor would require to be of at least 8 oz. 
strength or about 1*7 per cent ammcmi^. The liquor as collected would therefore 
have to show a recovery of 14 lb. per ton to reach thiB strength. Otherwise it 
would be necessary to circulate the collected primary liquid in>an ammonia scrubber 
until it had reached tne desired strength of 1*7 per cent ammonia. It is practically 
certain that only a small proportion of the total liquqr formed could be concen- 
trated in this way, and in view of the small yield available for^sale and the low 
prices ruling at the present time, it will bo seen therefore that rmmonia recovery 
is hardly worth taking into account in the balance sheet of .a straight low temperature 
process. 

Apparently no special examination of the distribution of other nitrogenous 
bodies or of sulphur compounds in low temperature liquor has yet been carried 
out ; but these will probably bear some similarity to those found in normal gas. 
liquor, although their distribution will certainly be difierent. 



CHAPTER XVI 


PROCESSES— EARI,Y WORK 

* 

INTRODUCTORY 

» • 

Although it had Been know* for many years that the distillation of coal yielded 
an inflammable gas, it was not until the close *of the 18th century that coal gas was 
utilised for the production of light and heat. This was *ukie to the pioneer work 
of William Murdoch, *who may rightly be considered the founder of the modern 
gas industry. Murdoch’s experimental work, begun in Cornwall in ,1792, and 
continued in the Soho worl$ of .Messrs. BoultOn r.nd Watt, of Birmingham, in 1799, 
was so far succeed that the gas was used in connexion with an outdoor illumination 
to celebrate the Pap*e of Amiens in 1802. In 1810, the first Act of Parliament was 
obtained for the formation of a Statutory Company to supply coal gas to the public ; 
and since that date the industry has developed by leaps and bounds until its 
ramifications are new world-wide. It is unnecessary in this volume to trace the 
various stages of development of the gas industry. Even now finality has by no 
•means been reached, and owing to the freedom in the selection of the most statable 
methods of working afforded to gas engineers by the Gas Regulation Act of 1920, 
it is at present somewhat uncertain in what direction the high temperature carboni- 
sation process will tend to stabilise itself in the future. 

Compared with high temperature carbonisation, the process of low temperature 
carbonisation has had a very short history. Although the first gas-making processes 
were carried out under low temperature conditions, the trend of development has 
always been in the direction of obtaining increased gas yields by the use of increasing 
temperatures, and ovtr a hundi d years elapsed from the time of Lfurdoch’s early 
experiments before the possibilities presented by the carbonisation of coal at low 
temperatures were recognised. It a rue that sporadic attempts were made to 
initiate work of this descriptioif, but in the mam, inventor? who turned their 
attention to the carbonisation of coal have usually worked more wijh the idea of 
diseasing the yield of gas and decreasing the yield of tar than with that of obtaining 
soli' 1 smokeless fuel ard a plentiful supply of liquid fuel. The liquid fuel would 
inueed have been a drug upon the market in those days, since it is within?com- 
paratively recent times th°t oil-burning aj?pliances % for steam-raising and industrial 
furnaces and the internal combustion engine have been {developed.. The proposal 
of tbe process of low temperature carbonisation has been made firstly, Jor obtaining 
a smokeless fuel, and secondly, for thg increase of supplies of home-prwluced liquid 
fuel to meet the increasing demands of industry during the twentieth century. 

i 4 

. " COALITE PROCESS , 

Fo^ the process of low temperature carbonisation, a*, it» is , und- retdbd to-day, 
there is little dfcpbt that credit must be givdh to Mr. T* Parker* of “Coalite”* 

195 f S * * 
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fame. Parker’s first patent was gnfnted in 1890, but his principal patents for the 
process were taken out in 1906. In the years 1907 and 1908 numerous other patents 
were filed in his name. Experiments were first conducted in Q -shaped horizontal 
retorts ; but, after experimental work on various other type!, Parker devoted his 
energies to the development of the process * n cast ^ ron vertical retorts, abotft ten 
feet long, tapering in diameter froi^i about four inches at the top to about six inches 
at the bottom. Twelve tu^es wer<£ c&st together in a nest, and heated externally 
so that the material reached a temperature of about 450-509° C. The low tem- 
perature coke, known as coalite, was lound to,be admirably suitable for a domestic 
fuel, and great commercial success was expected from the r plant. r 

These sanguine expectations were not, however, realised, r A* further study of 
the published records reveals the great difficulties with which Parker had to contend 
in putting his process upon a commercial basis. For example, he took out patents 
on the improved arrangements for withdrawing gas in the event of any retort 
becoming choked at its upper part and for discharging the coke after carbonisa- 
tion — troubles which have not been entirely overcome by the inventors of other* 
methods of low temperature carbonisation. The death of Parker undoubtedly 
retarded the development of this process. The later retorts were made of fire- 
brick, and had a rectangular cross-section, very wide in relation to the breadth. 
Four zones of heating were introduced, the lowest at 450° C., the next at 500° 
C., next at 550° C., and the highest at 900-1000° C. The function of this high 
temperature at the top of the retort was to crack the tars, to facilitate which a 
grid of suitable material and shape was suspended in the free space. This retort, 
like its predecessors, was not very satisfactory, and further experimental work 
had to be undertaken. ' Low Temperature Carbonisation, Limited, the successors 
to the original company, and the holders of the Parker patents, have evolved a 
retort which is now being tested on a commercial scale at Barugh, Barnsley, and 
which is described on, page 206. 

OTHER PATENTS * 

Ia dealing with the work of the ^arlier pioneers, it is not possible to describe 
the many inventions which have been patented, or the many experimental plants 
whiph have befn built. I is proposed, therefore, in the remainder of this chapter, 
to describe the pre-war and war-time developments and contributions to,, the 
technique of the subject, leaving for a further chapter the post-war developments 
which have taken plabe. 

RICHARDS AND PRINGLE RETORT 
In 1909 a ( fuHl\er « method of car/xmising material at low temperatures wa£ 
invented by Richards 1 am Pringle. This process 1 «vas continuous in action, the 
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material being run into V-shaped buckets on jan endless conveyor, which passed 
through a horizontal retort heatM externally. The advantage of this process was 
that the material was undisturbed during poking, and a very satisfactory coherent 
fuel could be obtained. As the material was also in small charges, the time of 
carbdhisation was short, and a large throughput might be expected. Difficulty 
was at first experienced in discharging the coked piaterial f?6m the buckets, though 
this was eventually remedied to a large extent. The apparatus is, however, bulky 
for the throughput obtained, and the possibility of /he loss of gas through leakage 
is therefore increased. Other difficulties, due* fcr example to the pin joints of the 
conveyor being objected to high temperatures, have been 
encountered, and ruch* credit is due to the inventors for T -MH 
their praiseworthy attempts to make this scheme ultimately 
successful. || II 

TOER RETORT QQ 

In 1909, also, Mr. C. W. Tozer patented a further process 
intermittent in action. Th<? distinctive features were the use 
of a high vacuum system, previously patented by W. S. 

Simpson, and a special design of circular vertical retort. 

The retort is of cant iron, and has its cross-sectional area 
divided by concentric rings connected by webs, whicli extend 
the whole length of the retort, so that the material is charged 
into annular spaces about four inches wide, as shown in 
Fig. 31. Due to the tonductivhy of the webs, the diameter '* 
of the retort, and hence its capacity, can be increased con- 
siderably over that of a plain tube without darger of reducing 
the uniformity of coking of the Charge, while the shape and 
the material of the retort enable it to withstand the pressure y 

d* $ to the expansion of the charge, tliU6 ensuring the produc- M 1 

tio.: of a dense, homogeneous smokeless fuel. It is stated that |i 

experience extending over a number of years has shown that H 

cast iron retorts for ltrv temperature • carbonisation are ^ 

practically indestructible. The time for retorting of^the % ^ 

flhafge is about 4 to 4J hours. The central core is sealed t 

with a stopper during charging, ancj, being uncharged facili- 
tates the withdrawal of tne gases and oil vapours by forming f f A 1 1 

a gas passage connecting the lower to the upper part dl the tTyin 

retort. The gases evclved from the charge partly pass up- # t 
*wards^ through the carbonising mass and partly downw^rd^. # 

Those gase* whicli pass downwards make feheir e£it patent RUstoet. 
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way of the central tube to the eduction pipe which is situated at the top of the 
retort. The double exit for the gases, together V/ith the partial vacuum which is 
maintained in the system, enable the gases to be removed rapidly from the retqjf. 
The retort was originally kept under a vacuum of 20-27 inches of mercury, but this 
high vacuum is not now specified, bcAng„reduccd to 70-150 mm. of mercury. # The 
charging is effected tlilough a t<^p door ; and when the carbonisation period is 
completed, the coke is dischargee through the bottom door of the retprt. The 
ciiarging ^nd discharging doors dre made tight by a special arrangement, and the 
lower door is balanced by counterweights. The doorp ar^ easily locked. The retorts 
are heated by a specially designed recuperative setting. Each refort is surrounded 
by a ring of brickwork to present flame impinging direct oivjbbo cast iron casing, 
and the space between trie retort and brickwork acts a heating flue. In each 
of the exit gas flues is a damper which controls the temperature of the retort. 
After passing through the damper, the exit flue gases make a number of passes in 
a recuperative flue, the secondary air for the combustion ov the heating gases being 
passed' through boxes at right angles across the t flue. It is claimed that there is 
rarely trouble in getting the coke out of the retort. Illustrations of the experimental 
plant at Battersea are shown in the Engineer of 23rd September, 1921, and a 
description of the retort which was being constructed at the Fraser and Chalmers 
Engineering Works is also given. 

MARYIIILL RETORT 

The problem was also investigated experimentally by Mr. G. T. (now Sir George) 
Beilby, at the Mary hill works of the Cassel Cyanide Company, Glasgow, and the 
position at that time is given in a contribution t'fthe discussion on “ Fuel Economy,” 
held in Section B pf the British Association at Birmingham, 1913, which is repro- 
duced in full in the Report of the Fuel Research Board. 1 The retort, patented in 
1910 by Mr. jET. N. Beilby, consisted of a i externally heated vertical shell, con- 
taining a series o* plates which were inclined alternately in opposite directions. 
The paaterial was passed throdgk the retort in layers about two inches thickly 
jfcrkirig or vibrating these shelves. ' TJie maximum temperature to Vjjhich the 
material was subjected in this apparatus was 400-450° C., and the time of carbonisa- 
tioiT wat* 1 reduced frcin the four to six hours necessary in the Parker retort to about 
one and a ha'if hours. The reduction was due, not merely to the treatment ol the 
material in thin k^ye^s and the free escape of the volatile gases, but also to the 
frequent turning over of the coal as it passed over the shelves, and the consequent 
expose e of fresh surfaces to the action of the heat. w 

As the resulting 1 cofce was in small pieces, briquetting was necessary in order 

1 < ' r * , 

C Fuel Research Rofird.' Report 4or Years 1918, 191&? (H.M. Stationery Ofiice.) 
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to produce a iuel which was suitable for domestic purposes. The process also had 
the disability of being able to trSat non-caking coals only. Although improvements 
were effected so that a unit was eventually obtained in which a throughput of 
fifteen tons per da f was easily maintained, it was decided to discontinue the 
experiments. It was considered that a retort of this description was too limited 
in its range of application to provide a solution of the wtder national problem of 
the satisfactory treatment of fusible, or partly fusible coals, at low temperatures. 
The experience gained in the work has since been advantageously employed *in 
the design of low temperature carbonisation* p^nt at H.M. Fuel Research Station, 

which will be later described. 

* 

DEL MONTE AND CHISWICK PROCESSES 

Of the continuous processes, one of the best known is the Del Monte, embodied 
in what has come to bt called the Chiswick retort. The development of this process 
. can be followed very clearly bv an examination of the patents which ha*ve been 
obtained by those in charge. The first patent was obtained by Del Monte in 1911 
and the process for a considerable time went by that name. This patent relates 
to the extraction of the volatile matters in carbonaceous materials by the diffusion 
through the heated material of a gaseous medium which is preheated to the same, 
or to nearly the same, temperature as the charge within the retort. This idea 
was embodied in a small vertical intermittent type of retort, the gaseous medium 
employed being coal gas. Apart froin other non-commercial aspects of a plant 
of this description, the results were unsatisfactory, because of tin? great difficulty 
of ensuring a uniform diffusion of the hot gas through th^ charge. A radical change 
in the method of retorting was therefore made, and in 1914 a patent was obtained 
in the name of the Oil and Cutbon Products, Ltd, Accord ii:^ to this patent, the 
retort was given a small inclination to the horizontal, and the material was moved 
through and up the retort by meaAs of a screw conveyor -'of almost the same size 
ar the internal diameter of the retort. The pifr'h of the screw and the diameter 
of the retort were kept small, 1 so that the material did not move through th§ retort 
in bulk, but was heated m relatively this layers.* The retort was heated externally 
by gas, or according to a separate patent filed the same ^ear it* could be additionally 
cheated by means or gas jets placed within the conveyor sL'aft, whicn was made 
hollow for the purpose The process was therefore continuous In action, and 
represented a great ad\ ance upon the previous patent. This patent was obtained 
not so much upon the method oi retorting — for of cpitfse the principle of the screw 
conveyor iB old — bi}t on the method of condensing thV„ product^ of diflt'i^afton^ 
• The raw material was fed in at the lowej and polder en^d of the iefort, and the 
retort wa% progressively heated towards the. upper fcnd.t Tlie and gas outhft 
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being at the lower end of the retoft* the hot gases and vapours were condensed 
by contact with the slowly progressing colder material passing up the retort and 
the condensates were thus easily collected. t 

It was found, however, in practice that the oils were b& heavily laden with 
free carbon and ash that they were commercially of little use. A possible refnedy 
is reflected in the next jfcJtent, dat^d 1915, in w T hich the retort is horizontal, gaseous 
products of distillation bein^ collect ed»at different points in the length of the retort 
by separate eduction 'pipes, Tlidse eduction pipes lead the gaseous products into 
a collector, which likewise largely ^atfis as a condenser, The gas. outlet being at 
the cool end of the collector, the patent is obtained on tile claim f that the hottest 
vapours have to pass through successively cooler zones of Vappu® on their way to 
the outlet. ' 

Up to August, 1918, no further patents had been obtained and the improve- 
ments effected had been of a minor character. In 1917, the Petroleum Research 
Department of the Government ran a large number of tests upon the plant. These 
tests wfcre made, however, more for the purpose pf determining the oil values of 
various materials than of proving the commercial possibilities of the process. 
The tests were so far successful that, under an agreement with the Mineral Oil 
Production Department of the Ministry of Munitions, a battery of thirty retorts 
was under construction and nearly completed when the armistice was signed. In 
consequence of the changed conditions the work was temporarily stopped, and 
the plant was afterwards dismantled. Each retort was 14 in. diameter, and about 
20 feet long, and would have had a throughput of about 1| tons per day. The 
name of Del Monte has now been largely dropped* in connexion with this plant, 
and the Chiswick retort,, as it is now called, occupies a prominent place in the 
history of the development of the low temperature system of carbonisation. 

It should be no'ted that the Chiswick retort compares with the proposed Burney 
retort, patented in 1918. The Burney retort is a bout „6 feet in diameter, and about 
30 feet Jong. As in tfu$ 4 Chiswick retort, the material is moved through the retgrt 
by means of a screw, but in tip Burney retort the screw is hollow, and carries 
the hat flue gases. In this way not ojily can the diameter, and consequently tKe 
throughput, be increased, but the carbonising heat is economically and efficiently 
utilised. A description off the Burney retort and process is given elsewhere 1 and 
need not 1)§ recapitulated, since a full-scale plant has not yet been built and trisd. 

MACLAURIN RETORT 

c ? 

-Jn 1909, on the motion oj Councillor W. B. Smith; a sub-committee of the 
<% Clasg6w Corporation "Gas Committee was appointed to “ Inquire into and report ,, 

‘ 4 *■ 1 •• f 

1 McKf y, It. Ff* The Bxtoney ketort for the Treatment of Can onaccous Material. (^Taterlow.) 
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on any process of gas-making that will prodifce a form of coal residue that may 
be available for use in ordinary*domestic grates.” In 1914 all the known processes 
% the production of smokeless fuel wer« examined, and it was decided that the 
process patented b/ R. Maclrfurin 1 in 1913 seemed the most promising for this 
purjfose. As this process also promised to yiild large volumes of gas at a low price, 
Bailie Wm, B. Smith moved, in March, 1914, for the appointment of a sub- 
committee of the Electricity Department to *;ork algng with the sub-commitjee 
of the Gas Department on smokeless fuel, with, the object of deciding whether 
gas could be utilised economically^ for theVtiwng of boilers. Negotiations were 
entered into agd proved successful, and in 1915 a plant to carbonise 20 tons 
of coal per day vas, erected at Port Dundas, near Glasgow. 

The Maclaurin proces: differs radically from any of those preceding, inasmuch 
as the fuel is carbonised in an internally heated retort, as opposed to the externally 
heated types prewously described. The retort resembles an elongated producer 
or blast furnace, but is on a smaller scale. 

According to the original patent, the inventor proposed to pass heated gas 
through a column of bitunfinous fuel in a high producer, the temperature of which 
decreases upwards, and to collect the condensed oils within the upper part of the 
producer, so as to prevent them from running back to the lower and hotter part 
of the column. 

The first, producer was put down in 1914 at a small colliery in Ayrshire, with 
the object of treating cannel coal and making gas for boiler firing. The coal, 
having a high ash content, was burned to ash. This work proved the soundness 
of the principle of trapping the oil in the upper regions, but had to be discontinued , 
owing to the colliery getting into difficulties. The Glasgow Corporation, however, 
had by this time decided to proceed with the erection of a plant primarily for the 
manufacture of smokeless fuel. With the object of getting as cle^n a fuel as possible, 
it was decided to erect a double producer. This producer was described by*the 
inventor in a paper read before the Society of Chemical Industry in 1917. • 

• At that time the* plant, which was situated *t Port Dundas, near Glasgow, < 
consisted of two retorts, A and B (Fig. 32). The fuel in the small producer^ was 
completely burnt to provide po\ver gas, fvhich passed through the mass of coal in 
the large producer A, and carbonised it to smokeless full. Thus the ash, fro.Trs the 
iue4 burnt to provide the heating medium did not mix with the smokeless fuel 
itself. In the latest illustration of tly> plant workedtit Grangemouth it appears jjhat 
a single producer is now being used. This producer differs frohi the original type 
in that the coke does not, pass through a water seal ad discharge. It is described 
more fully in the next chapter, which deals with the Jater developments. 

^ ' Maclaurin, 3^. “ Low Tempe|ature CarbonisiHg and some Vrodiyts/' 1 Jotirn. Soc.Chem. Indj 
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The Maclaurin plant can deal with a variety of coals. As ^ith other pro- 
ducers, however, it does not work satisfactorily with dross. It is claimed that, 
owing to the gradual heating, little binding together of the coke takes place except 
with fairly strongly coking coals. The blast can be 1 readily controlled so that the 
charge may be entirely ^sified, and ash < only withdrawn from the bottom, of the 
coke produced may range from a hr'rd grey fuel suitable for metallurgical purposes 
to, an easily ignited smokeless fuel^ adapted for domestic us$. It is stated that, 
during carbonisation, any stony matter in the coal tends to drop out, while mineral 



matter scales off and is concentrated in the, breeze. , It is cl&imed, therefore, tfiht 
it «is possible to obtain a clean poke Containing a percentage of ash which is little 
higher than that of the original coal since the bulk t)f the ash is separable as 
stouts or< greg<*tes In thehreeze. ( 

When the 'experimental work was stopped at Port Dundas, owing to difficulties 
created by the war^ tfye principal conclusions leached by Mr. Maclaurin as a result 
of that work were : — 

■ * i * 1 

(1£ Coal could bp turned r into smokeless fuel by the passage through it of 
from 13,000 \o 20.D00 cubic feef of hot power gas. This is much less than' 
was genjrally believed to be necessary. ^ \ 
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(2) An easily kindled smokeless fuel ceuH be obtained, containing not more 
than 4 per cent of volatile matter. 

... * (3) In a true low temperature carbonisation the yield of rich gas was very small, 

being probaMy not more than half what was generally believed. 

^4) The oils obtained were highly complex bodies, difficult to investigate by 
distillation, as they appeared to suffer decomf&sition on re-distillation, 
giving rise ta new products. j # 

(5) Ammonia ^ r as obtained in fair quantity, but, while the liquids were Iree 
from ferto -cyanides, sulpbo-cyanidet, etc., they always contained certain 
complex polyhydric phenols, capable of dyeing iron-mordanted wool a deep 
slate grey. , 

(6) The most impor f ant conclusion of all, howeve?, was that a plant of this 
type could woS*k with coking coals without sticking up, a difficulty which 
had been .almost universally predicted by all those experienced in coal 
carbonising. 

• 

The plant at Port Dundus was taken down and re-erected at Grangemouth, 
where further experimental work is now proceeding. The process appears to be 
one of great promise. The first cost, and the cost of maintenance, are low ; the 
labour costs are also low, and the heating arrangements efficient. It still remains 
to be proved, however, that the gas, oil and coko will find ready and profitable 
outlets when a plant on a commercial scale has been installed in some centre 
of industry. 

• 

ESTABLISHMENT OF H.M. FUEL RESEARCH STATION 

at East Greenwich* 

- In addition to tie above jBocosses initiated ^nd develop**! 'during the pre-war 
and war-time periods, numerous other patents had also been taken c out at the §ame 
^ime, and many other experimental*piants built. Interestfiig though many of these 
may be, it is not possible within the confines of a*ginglo volume? to give an extended 
description of all. During tfiis period, however, it was becoming more and more 
apparent that the diffic?Jties o$ low temf>erature*carbonisation were more profound 
than had been anticipated by the early pioneers ; an% tli%t for the d^velotjment 
.of* each and every process some measure of co-operation tftid mutual assistance, 
was essential between* those interested in the solution of the problem. This 
development was in reality part of a larger movement. For many years there 
had been a growing consensus ot opinion that a specia'need existed for some degree 
of State organisation and assistance in every fornj of scientific r^earclf Jt wjj 
felt that if this country were to advance^or cvm ffiaipt^in it# industrial position 
in the majket* of the worldf there must De such a development^ scientific anti 
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industrial research that the national industries could expand naturally and compete 
successfully with those of other highly organised countries. These viewB finally 
took form when, in July, 1915, a Committee of the Privy Council for Scientific 
and Industrial Research appointed an Advisory Council compGsed of men eminent 
in science and industry. One of the* primary functions of this Advisory Council 
was to advise on “ proposals for Establishing or developing special institutions 
or (departments of existing institutions lor the scientific study of problems affecting 
particular industries and trades.”/ , 

It was soon recognised that certain' lines of investigation existed which affected 
so large a number of interests and of which the prosecution was, so vital to the 
well-being of the population that they could not be effective 1 y followed by the 
mere affording of monetary or other assistance to any particular industry for 
co-operative research. For example, the question of research into fuel and its 
utilisation was too comprehensive to be dealt with by any one industry. Accord- 
ingly in 1917, a Fuel Research Board was established, and a Director appointed 
immediately responsible to the Lord President, in order to organise and carry out 
research investigation on fuel problems. 

OBJECTS OF THE FUEL RESEARCH BOARD 

It has already been pointed out in Chap. I that the Fuel Research Board have 
kept in view two main lines of research : First, a survey and classification of the 
coal seams in the various mining districts by means of chemical and physical tests 
in the laboratory, and second, an investigation of the practical problems which 
< must be solved if any large proportion of the raw coal at present burned in its 
natural state is to be replaced by the various fo< ins of fuel obtainable from coal by 
carbonisation and gasification processes. * 

|n their second Report to the Lord President the Board stated that : — 

4 

“'The second of the proposed lines of inquiry has been led up to by a variety 
of influences duihng the past flight or ten years. Among these influences ha*>e 
t becV the demands for cheaper and more ample supplies of electrical energy, for 
home supplies of/ucl oil for the Navy, of motor spiich for the Transport and 
A#* Seduces, tl and last, though by no means least, for smokeless domestic fuel. 

, This last l\as been brought about through the growth of public and municipal 
opinion on the subject of smoke prevention *in cities and in industrial centres. 

“ The only, development which would satisfy all thhse needs simultaut^asly 
would be the replacement' of a large proportion of the raw coal which is at present 
1 burned in boilers,. f umaces ^nd domestic fires, by manufactured fuels prepared 
from raw coal By submitting it to distillation. 

“ The greater part of fhe coah which is consumed in Great Biitam is burned 
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in its natural state as it comes from the rtiines. The question of the moment 
then is : to what extent can and ought the present use of raw coal be replaced 
/ . by the use of one or other of the various forms of fuel manufactured from coal — 
coke, briquettes, 0 tar, oil o* gas. While there is already in the possession of 
Experts a certain amount of knowledge and experience which might enable 
them to organise and direct schemes fertile replacement of raw coal by 
manufacfured fu<?l in particular directions ^nd on g, fairly large scale, no really 
comprehensive jjchemo can be formulated till pertain perfectly definite problems 
in coal distillation ha mo been solyed. 4 » 

“ These problems can only be solved by carefully organised experiments 
on a workings . le carried out under the conditions likely to arise in practice.” 

After pointing ou£ the fundamental differences between gas and coke-oven 
industries already established, and a possible new industry which would provide 
for the desiderata already referred to, the Report continues : — 

“ As regards the carbonisation of coal at low temperatures thole is no 
corresponding body of*expcriencc in existence and there are very few properly 
accredited data available.” 

It will thus be seen that, ^although the programme of the Fuel Research Board 
includes the whole question of the more efficient utilisation of fuel, the subject 
of low temperature carbonisation occupies a foremost place. 

II.M. Fuel Research Station at East Greenwich is designed and equipped for 
the purpose of conducting operations both on laboratory and full industrial scales. 
Since itf’ opening a large amount of reliable data has been obtained and made 
available in connexion with the ni^th xls of treatment of coal. Although it cannot 
be claimed thai a (*>mplete industrial solution of the problerr^ of low temperature 
carbonisation has been arrived at 0 either here Or elsewhere, it is believed that 
knowledge and experience have b^en gained which hav^ 'brought a commercial 
dotation appreciably nearer. The Board have also, from tiipe to time,* assisted 
qflier investigators and firms* in their* experimental work, both by free discussion 
of the difficulties and possible 3 solution^ and, ii^ some cases, by the provision of 
financial assistance for tlie erection of plant possessing son*; specially promising 

feature. 

> • 



CHAPTER XVII 

PROCESSES — SOME LATER DEVELOPMENTS 


INTRODUCTORY *• 

Useful though it be to study the work of the eaiiy pioneer® of low temperature 
carbonisation, it yet remains to be seen how their failure and successes are reflected 
in the processes now being consumed and actively advocated. It is desired in 
thjs chapter to describe andi illustrate these processes and retorts (which, it should 
be added, are placed in alphabetical order, except for a few vdiich are described 
in tabular form on p. 235). * 1 # . 

THL BARNSLEY PLANT ' r> J 

The plant of Low Temperature Carbonisation, Limit 2 d, at Barugh, Barnsley, 
consists of twenty retorts, built as one unit, and has a throughput of about 36 tons 
per day. Each retort is made of firebrick, cemented with fireclay, and is of the 
vertical, intermittent, externally heated type. The total depth of the retort is 
9 feet 6 inches, the width at the top 7 feet 3 inches'* the width at the bottom 7 feet 
6 inches, and the breadth 11 inches. The distance from centre line to centre line 
of adjacent retorts is 21 inches. It is stated that, in a retort of these dimensions, 
12 cwt. of coal can be carbonised at a time, and that the time of carbonisation 
is less than eight hours. The throughput for each retort is therefore about 36 cwt. 
per day. Each retort hopper carries one charge, and thus acts as a measuring 
chamber. Sections of the retort are shown in Figs. 33, 34 a:pd 35. 

The distinctive feature within each retort is a pair of collapsible iron plates 
which are suspended about three and a half inches from each side well. The 
charge to be carbonised (1 ics between the p^ate^s and the walls. The plates are 
perforated, and the free central space between ttiem is in communication with the 
exhauster. The function of the plates is twofold.' In the first place, the 6paco 
between the pl°tes forijus a central chamber whereby Ihe removal of the gases from 
the retort is facilitated. v This is beneficial in t\vo ways. It reduces the contactjof 
the vapours with the hot charge to a minimum, and as the pressure within the 
refort Ss thereby kept fairly uniform, there is less liability for the retort to choke 
and cause the rich g^-s to leak through the walls tef burn *with the flue gas&s. The 
other function o* the plated is to prevent the jamming of the charge in the retort 
during carbonisation, and to facilitate the withdrawal of the coke when the bottom 
dooj- is opened. As shown in Fig. 36, the platep are susperded from a bridge piece 
in the retort. T^ie 'partial rotation of the bridge piece moves the plates towards 
each other, and the coal spacu in the retort is thus increased. The expanded and 
tfohapeecf positions of, the* plate-s are shown in the s^me figure. 

During changing end carbonizing the plates are on the same level. The bridge 
piece covers the'space between them, and deflects tkb charge into ike two outside 
‘ 1 «' ' 206 



Fig. 35. 


Flos. 33-35.— Barnsley ItE-roRTwANfo Sftting 

I » « 

(Lowifemporature Carbonisation, Btd,).# 
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spaces. The plates are kept apart by flanged abutments, which take the thrust 
when the coal swells during carbonisation. At the' bottom the plates are connected 
by a link, which determines their maximum separation. When the bridge piejje-' 
is partially rotated, the plates come together, one plate rising^and the other falling 
by equal amounts, so that the distance f between their outside surfaces is reduced . 

** * frej m five inches to about three inches. On account 

of this extra space, the discharge of' the fuel after 
Carbonisation is facilitated, jmd the retort can 
be readily cleared,. These plates are made of 
manganese cast iron, and they are stated to 
withstand the somewhat arduous service without 
suffering undue growth .or other trouble. 

A further distinctive feature of this plant is 
the cooling chamber beneath ouch retort. When 
the dumping door is opened, the charge drops 
directly into this, chamber. The front of each, 
chamber is closed by an airtight door, through 
which the fuel, when cooled, is drawn out on a 
sloping platform extending throughout the length 
of the retort bench. The cooling chamber is 
made of sheet steel, the two sides being water- 
jacketed. The back is curved, to facilitate the 
clearance of the chamber. Thin vertical plates 
End Elevation, are fixed centrally in the lyater jacket-, in order 
\of Plates ensure a continuous circulation of the water. 

I j It is claimed- that practically the whole of the 

sensible heat of Axe fuel is thus absorbed, ard 
that the cob? can fee sufficiently cooled for with- 
drawal within two hours. The steam generated 
,*in the cooling chamber is intended for use in the 
fractionating of the’ tar oils. 

Steafrn is admitted through the dumping door, 
and it is claimed that the action of the steam on 
the charge undergoing caroonisation results in 
the increase of the ammonia compounds ip the gas given . 

'The gas leaves «the* retort at the top and passes into a hydraulic maim4?Wfpigh 
swan necks. The tar extraction plant, gas scrubbings plant, etc., are* those of 
t ^4rdipary» gaswprks practice. / 

The gas<xeiorttf are hepted # exiernally by gas obtained, either from the carbonised 
Mcharge, qr fronj. a Mon<$ producer gas plant. A section through the report Hues is 



Fig. 36. — Barnsley Retort. 
< Shoeing collapsible plates. 
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shown in Fig. 33. The burner flues are situated one above another horizontally 
in the space between the retortfS. It will be Reen that two large gas mains run 
horizontally at the front and the back of the retorts and feed the burners through 
vertical pipes. The burners a*e plain horizontal pipes. The hot gases of com- 
bustion from the top burner pass downward^, regenerated^ at each successive flue 
by supplementary burners. The waste gases, eventually pass through recuperators 
and pre-heat the air for the burners. % • 

The charge is a mixture of coking and non-coking coals in the proportion of 
about 30 : 70, and the mixing gccurs while the ^oal is being washed. The washed 
slack carries from 10 to 12 per cent moisture. The charge per retort of 12 cwt. 
produces about 9l 7 lb, of saleable coke, of which not more than 4 per cent is breeze. 

THE CARACRISTI PROCESS 

The Caracristi process, wftich has recently been adopted by the Ford Motor 
Company in the United States, consists essentially of a molten lead bath, over 
which roughly pulverised cqpl is passed in layers on a metal plate conveyor. It is 
stated that a Caracristi retort with a throughput of twenty-five tons per day has 
been successfully working for two years in America. The chief feature in this 
process is the short time required for the carbonisation of the material. It is 
claimed that a layer of coal half an inch thick, passing over a bath of molten lead 
at a temperature of 650° C., is completely carbonised in five minutes. 

Details have been published of a plant now under construction at the Ford Works 
in Canada, at Walkerville, Ontario. The firebrick retort is about f>() feet long. 
Gas is thS source of lieat for maintaining the molten lead bath at the required 
temperature, and the products of combustion pass through narrow passages under 
the bath into clfequfcr brickwork regenerator settings overhead. • A layer of coal 
about half an inch thick is run on the continuous metal conveyor which travels 
on the surface of the lead, and returns under the bath though a tunnel k This 
fimflel also contains a^ secondary conveyor which is used to cool the coke before 
it is discharged. The main conveyor consists pf cart iron plates which are competed 
by steel pins and have overlapping joints, $o that Vie coal does not fall on the lead. 
The speed of the conveyor is such that, as previously stated, tUb time of carbonisa- 
tion of the fuel is abcut five minutes. V * 

* It is stated that the normal quantities of the products of carbbni^atjpn are 
obtaip^by this process, and that the Coke contains 12-15 per cent^of volatile matter. 

It ‘ A not, however, in a form suitable for use as a domestic fuel when it comes 
from the retort. It is^the "intention of the promoters to pulverise th^e greyer ^pro- 
portion of the fuel obtained from v he plant under construction, &nd us%it for steam- 
raising purposes^ 


o 
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THE CARBOCOAL PROCESS 

The Carbocoal or Smith continuous system ^of carbonisation, developed jijt 
America by the International Coal Products Corporation* should strictly be 
ranked amongst the high temperatuife systems but for the fact that the inventor, 
Charles H. Smith of btew York, ^s . attempted to solve the problem in America 
which corresponds to the problem attacked by low temperature carbonisation in 
this country. ' ** 

Coke, which is known as “ caHwcoal,” and oil are the primary products of 
carbonisation, and gas is a secondary consideration. The process differs from other 
processes in being in two stages ; the material first being treated at a low tem- 
perature, and the resulting semi-carbocoal again treated at a high temperature. 
A plant working on this system at South Clinchfield, Virginia, has a capacity of 
550 tons of carbocoal daily. Another plant has also been constructed at Irvington, 
New Jersey. r 

It is possible to carbonise a wide range of materials by this process, including, 
lignite, coking coals and non-coking coals. The material is first crushed to pass a 
sieve of f-inch mesh, and then heated in the primary retort to 480° C. This retort 
is horizontal and externally heated. It is about 18 feet long, and is built up of 
blocks of carborundum, fitted with tongued and grooved asbestos-packed expansion 
joints. The time of carbonisation is from two to three hours. The retort is of 
inverted heart shaped cross-section, as shown in Fig. 37, and the material is con- 
tinuously stirred and moved along the retort by paddles attached to two longi- 
tudinal shafts. The paddles have a radius of feet, and* the shafts rotate one 
revolution in eight minutes. The end walls are made of firebrick. The retorts 
are kept half full of material, which is discharged through a water seal, and is then 
a soft, friable masfc. The throughput per retort, hf continuously worked, is absut 
3frtons per d$y. 

The material, on ' leaving the primary retort, contains from 7-10 per cent 
of volatile matteL It is then* made into ovoid briquettes, the pitch obtained 
|ronr t oils distilled in the plant ‘being used as a Binder. The briquettes contain 
about 15 per cent of volatile matter, arAl are fedrinto the externally heated secon- 
dary retort. Jhe seconcfiiry retort-, shown in longitudinal cross-section in Fig. 38, 
is about JL2^feet wide, 21 feet long, and 2G feet high at the u discharge end. Each 
retortr is « rectangular in cros^ section, and contains six -carbonising chambers, in 
two tiers of three 1 ea£h. Being inclined, the briquettes jlass through the^ke^bers 
by means of gravity, andlise afterwards quenched in yrater. The temperature of 
•carbonteation is about, ll 00 ?’C., and the time taken is six hours. The percentage 
of volatile natter p £he fufished briquettes is only 3-4 per cent. The usual by- 
product plant is installed,* and the tar oils and ammonia are recovered from the 
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gaseous products of combustion. Most of the stripped gas is used in heating the 
primary and secondary retorts, but there is a surplus which is available for other 
purposes. The gas burners for both retbrts are placed in flues and a recuperative 
system of pre-heating the air for combustion is employed. 



As the pitch has also free n decomposed in the second carbonisation, the fuel 
, -is quite 'hmoke-less. It is Very’ compact and hard, and is thus- suitable for transport. 

It is, howevdf, difficult to ignite. The latter would be a serious disadvantage in 
' a proposed domestic fiftl foi this country ; but, as (Lrbocoal is in eomnetition with 
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anthracite in the western states of America, it* is quite adapted to the method of 
burning there adopted. On the Mother hand, on account of the restrictive legislation, 
the bituminous coa) from which carbocbal may be made cannot be generally 
employed until it haf been pre-treated. 

THE EVERARD DAVIES PROCESS 

The scheme of operation of this process clifters from the other pioposals for 
low temperature carbonisation in certain definite particulars. In the first place, 
it is claimed that the limits of 10—15 per cent for the volatile content of the coke 
are superior to the generally accepted limits of 6-12 per cent. The reasons assigned 
for this are : (a) smokeles^ness with the higher and lower volatile contents is equal ; 
(b) the coke with higher volatile content has also a higher calorific value ; (c) there 
is a saving in the heat required for carbonisation by leaving the extra volatile 
content in the coke ; and (d) the facility for forming a transportable material iB 
. equal to that of a less volatile c oke by the control and variation of the retorting 
factors. It is rightly poirfted out, however, that if the higher limit of volatile 
matter be left in the coke, the volatile content of the original coal should not fall 
below 30 per cent, or otherwise there is not a sufficient margin for profitable by- 
product yields. In the seconu place, the temperature aimed at in this carbonising 
process is 700-800° C. instead of the lower limits generally adopted by other 
inventors. 

The use of a higher temperature of course reduces the time of gprbonisation, 
and it is claimed that the disadvantages experienced when a higher temperature 
is used in other low temperature, processes arc removed in this process by the 
method of heating employed. In this system, both internal and external heating are 
proposed. About 25 per cent T)f the heating gas :s is passed through the retort, 
and it is claimed that thereby the tiihe of carbonisation is reduced, v \ that a giVen 
^ize of retort has a larger throughput than if external heating only were enfployed, 
while the small volume of gas^ employed for internal heating does not reduce the 
calorific value of the gaseous yield to such ah extent as to make the gas unsAtaVo 
for town gas. The inventors state that it is their intension t*> work the retort at 
either high, medium or low temperature, according to the special c ; rcuim tance# of 
«*iny«mstallation. ' / '» 

The Everard Davies •installation- consists of a <pair of vertical retorts'. Thpse 
retorts have between them a central vertical chamber connected to the exhauster 
main, into which pass the,gases and volatile products. The retorts are not heated 
externally throughout their circumference, but onlyean that part r&note from th$> 
Central chamber. It is claimed that, with tjjis arrangement * the “ cricking ” of the^ 
volatile pr^ucte^of carbonisation is reduced* to a miniAum. She combustion 
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chambers are arranged in three or four zones, ranging from 400° C. to about 
800° C., so that the material is progressively heated as it passes through the retort 
under the action of gravity. As previously stated, about 25 per cent of the heating 
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r f 

The patented process of coal, carbonisation a.dopted by the Midland Coal 
Products, Ltd., and worked out by Mr. A. Fisher, B.Sc., A.I.C., is the outcome of 
investigations begun with the set purpose of finding an ofltl^t for a definite class 
of poor quality coal. It may be remarked in passing tjiat this attitude towards 
the problem is very soimd, since there are great possibilities of attendant success 
should colliery owners, or those connected with collieries, attempt its solution in 
dealing with certain definite types of coal in which they are interested, even 
should 'the process or retort evolved prove unsuitable for a wider range of . 
material. 

The material in which the Midland Coal Products, Ltd., is chiefly interested 
is non-coking small slack, which is, in normal times, mainly a drug on the market. 
A typical coal of this type is Top Hard Half -inch SJack, of which the analysis of 
an average sample is as follows : — 

Per cent. 

Ash . . . . • . . . 31-51 

~ Volatile Matter 24*20 

Fixed Carbon 44-29 

Sulphur / . . « .1-39 

Calcific Value, 9800 B.Th.U. per lb v 

< i < 

Natvrallyt the first Objective in dealing With material of this nature, in order* 
to produce a final stolid product of value, is the employment .of an efficient washing 
process. Economic and effective washing o'f slacks 'Vas not an easy matter mnil 
quite recently ; but the Rheolaveur process of -coal-w"shing solves th ; .s initial 
difficulty # with satisfaction, both from a technical and commercial point of view. 
Ifc is stated that the ash content of the raw material of about* 30 per cent can now 
be east T y reduced commercially , to a maximum ash content of 4| per cent at a cost 
not exceeding 5d. per 'on, washed. 

The raw slack shows oit grading and washing tests the following percentages, 
^thus showing the difficulties tp‘ be contended with in the washing process : — 
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GRADIlfe AND WASHING TABLE 

* 

Sample of Top Hard Half-inch Slack 


* 

*• Floatings 
on 1*35 

Sp. Gr. 

• Solution, 

Sinkings / 
floating 
on 1*4 

Sp. Gr. 
Solution. 

* ^{jjinkings ^ 
floating 
on 1*5 v 
"p. Gr. 

Solution. 

Sinkings 
floating 
on 1*6 

Sp. Gr. 
Solution. 

Sinkings 
on 1*6 

Sp. Gr. 

• Solution. 

| inch to £ inch 
69-6% 

Ash, 22-0% 

V.M., 27-57% 

F.C., 60-43% 

57 % 

1-95% Ash 

• 

4-5% 

7-6% Ash 

2-15% 
12-9% Ash 

2-0% 

28-4% Ash 

34 % 

72-3% Ash 

| inch to 1 mm. 

14*3% 

Ash, 29-65% 
V.M., 24-90% 

F.C., 46-45% 

51% * 
1-8% Ash 

3-7% 

6-7% Ash 

3-9% 

12-2% Ash 

2-1% 

25-4% Ash 

39% 

71-4% Ash 

1 mm. to 0 

16-1% 

Ash, 35-39% 
V*.M., 20-38% 

F.C., 44-23% 

• 

38-4% 

2-2% Ash 

• 

' 

4-31% 

6-4% Ash 

4 1 

Tailings As 

5-46% 

9-5% Ash ■ 

h 73-50% 

1-13% 
20-6% Ash 

* . 

55% 

53% Ash 

• 


The next problem wsj to pat this fifte washed coal into ^suitable form to find 
a market other than for boiler-firing purposes, for which, of course, such a cjean 
^material has an immediate outlet. Straight carbonisation in the state of wash«(J 
slack was in any case a useless procedu^p to attempt, as the coai was of coking 
character, and the carbonised product would consist of nothing but breeze, *for 
which no satisfactory market existed. • 

Briquetting of su$h breeze by the addition of a t binder to the sarbosised fuel^ 
•by which means volatile matter would again be added to the chrbotii^ed material, 
seemed ar^unacientific procedure. Compete, gasifications was a possible outlet* 
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but here again the material was too email to be of general use for this purpose, 
and this, combined with a low fusibility of ash, resi'icted the market. 

In order to get a satisfactory solid product in a marketable condition, lump 
material was essential. This has been attained by simplb briquetting before 
carbonisation. * , ,A , * 

Ordinary briquetting' with ndrmsL pressures, entailing normal disintegration 
of the slack, was considered essential from a commercial point of view for many 
reasons, but it was obvious that With a binder of the nature, of pitch introduced 
into the fuel, it would be impracticable to carry out satisfactorily any method 
of carbonisation by externa’, heat application, owing to the tendency which the 
binder would have to flow out of the material at £ temperature -lower than that 
of the incipient fusion of the coal substance. Internal beating was experimented 
with and satisfactory results obtained. It w r as found that by grinding the washed 
slack to a grade of fineness to pass an ordinary ten mesh before briquetting, the 
incorporation of the binding agent assisted the coking of thfi particular coal. 

Here it is to be remembered that the Top liar 4 seam is a banded seam of dull • 
and bright coal with a quantity of black shale, but a higher concentration of the 
bright coal, having a higher coking index than the dull hard bands, is found in 
the slack, and by grinding and mixing, the non-coking particles are found after 
carbonisation to be intimately mixed with the higher*coking particles of the bright 
material, and a uniform hard coke is produced. By this means a natural blend 
of coking and non-coking coal is obtained at once, such a r has been aimed at by 
scientific blending of coking and non-coking coals artificially for several processes 
carrying out low temperature carbonisation. 

The briquettes have r maximum weight of 5 ounces and are made ovoidal or 
spheroidal in shape, with the definite object of ensuring regular interstices through- 
out the mass, n’ot billy for the penetration of the blast introduced at the base of 
the* retort, but,also for the full utilisation of the sensible heat of the liberated gases 
by uniform distribution throughout the mass 6f the oncoming charge. 

The actual process of carburisation is thus much on th r o lines of pressure gas 
pjrodut er practice, with the exception that the air-steam mixture is fed in horizon- 
tally from the periphery of th£ retort*base. The retorts themselves Resemble 
miniature; blast furnaces in shape, tapering upwards and downwards from a 
.maximum ciiameter #f 6 feet 6 inches at the widest part, with cooling arrangements* 
at the^hottom. 

The ovoids areTed^in at the top to maintain a bed of 12 to 14 feet depth, and 
gravitate through the retoft without any internal mechanism. It is found that, 
*by proper control of bl^sf conditions, considerable variation -in throughput can be 
obtained without changing the ‘quality; of the product. A maximum throughput 
of 28 cwt^ per Ijour per letort is obtainable. 



PROCESSES-SOME LATER DEVELOPMENTS 217' 

The feared disruption of the briquettes iA passing through the retorts does 
not take place to any marke$ degree ; and under normal conditions a 60 per 
cent discharge of whole briquettes is obtainable, 80 per cent of the remainder 
being halves and quarters, with an almost negligible proportion of dust. 

Naturally, with a process of this descnjtion, goo^ briquetting is of vital 
importance. * * * 

The maximum temperature obtained is in the region o£ 1000° C. in the com- 
bustion zone, and £he volatile content of the hard carbonised product is between 
1 and 2 per cent. • 

Contraiy to ^general anticipation, this material is a free-burning fuel. 

There is a tendency for tbe high heats obtained by forced draught conditions 
to fuse the ash into clinker, but this is due to the inherent quality of the fixed ash 
in the coal itself, which has a low fusion temperature. Other coals with a different 
ash do not exhibio this quality to the same degree. A number of coals, particularly 
Staffordshire coals, have been treated, and it is found that the process is applicable 

• to a large variety of coals with i low coking index. 

The Midland Coal Prcflucts, Ltd., have now erected a battery of four retorts 
with a normal capacity of 100 tons throughput per day, and aro obtaining full 
commercial data on the process. 

The particular features of the process of importance from the economic point 
of view are : The low capital cost of plant in relation to the throughput, and the 
low rate of depreciatio i of the retorts owing to the small area of brickwork which 
is subjected to destructive heat. 

THE FREEMAN MULTIPLE RETORT 

• The Freeman Multiple Report can be used with oil shaleff or non-caking coals 
which do not fuse when they are heated. The retort (Fig. 39) consists essentially 
*r»\of a series of cast-iron chambers pLcfcd vertically one above the other. The coal 
enters the top chamber through a gaslight charging valve, and falls upon a rotating 
piate. By means of ploughs it is spread 'over this plate in a thin layer*and is 
gradually worked to th outer edge, whence ft falls on tg the bottom of the 
first chamber. 

• • 

, *A series of ploughs attached to the bottom of the rotating plate gradually wor,kp 
the coal into an opening in the centre pf the floo^of the chamber ; fchiiy^it halls 
upon a rotating plate in the second chamber, and the process is*repeated. The coal 
is therefore very evenly bqated up to the maximum toiftperature. The first chamber 
is maintained at a temperature approximately 120’ C., # sufficient to drire off thg 

• combined and free moisture in the coal, • • * • t # 

The si^jond chamber brijigs the coal* up# to the temperatur^of incipient oil 
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production, while the maximum temperature attained in the fifth or sixth chamber 
is about 455° C. to 485° C. f 

The original idea in connexion with this plant was that the coal should be frac- 
tionally distilled, ift 1 attempt was made to ^solate the distillation products given 
off at each temperature. This, however, has iA practice priy been partially success- 
ful. The first chamber does act practically as a dehyclrating chamber, and the 
products of distillation froip the top chamber conskt almost entirely of water. 
The oils and tars frpm the remaining chambers are not clean-cut fraction, however, 
and some of the oils b’tfm chamber No. 2, for example, are collected in receiver 
No. 3, and so <jp. Desjpite the general lack of fractional distillation, the removal 
of thp water in the first chamber does materially reduce the dehydration necessary 
of the final oil products. * 

A plant has been installed at Willesdcn of a capacity of ten tons per day. The 
temperature regulation has proved to be exceedingly efficient, and the system has 
demonstrated its ability to deal successfully with non-fusible coals and oil shales. 
The system is of use where smokeless fuel in powdered form is required for dust 
firing or for subsequent brfquetting. 

THE FUEL RESEARCH BOARD RETORTS 

It has been previously pointed out that one of the difficulties in the develop- 
ment of low temperature carbonisation is that laboratory experiments on small 
quantities of coal do not necessarily give the same proportionate results as those 
obtained when the material k treated in large quantities on an industrial scale. 
The determination o! the relations between operations on a laboratory and works 
scale is therefore of some importance, and it was with" this underlying idea that 
the large-scale experimental retort of the Fuel Research Statist \^as designed. The 
fundamental provisions it w^s desired to embody were ; — ” 0 

. (i) The steady maintenance within the retorts of any desired carbonising 
temperature Up to 60(^° C. * 

(ii) The exposure to the desired temperature of coal crushed to various degrees 
t>f fineness in layers of any desired thickness, di&e regard being paid to the 
effects of heating by radiation, conduction and convection „ * • 

^iii) The collation and accurate measurement of the gases and yplatile liquids 
resulting from carbonisation* * • 

{iv) The removal, quenching and weighing of the resulting co t ke and the study 
Of the influence tf fusibility in different types of coal on the physical 
properties of«fche coke. % # 

(v) The design and construction of the ovcm? cflr chambers in^vhich the car- 
bojysin^jcetorts or machines are s?t st) as to euei&e uniformity pf heating 
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with the ininimuin expenditure of fuel and the minimum deterioration 
of the metal of # which the apparatus is constructed. 

(vi) Towards the attainment of these? ends the complete control fmd accurate 
measurement, not only of tl^e fuel gas used to heat the setting, but also 

of the air supply d for its coinbustion. 

* e 


The setting of the .retort was designed before the laboratory assay apparatus 
h£d reached its final torm, but the* importance of studying the behaviotir of the 



« o. &tool retort, h. Combustion chamber. e. Cam bvred steel plate (top), d, Cambered steel plate (bottom). 
e. Channel Iron side (5" deep). /. Self-seal Pwg door. /,t' Nostril blocks for fua gas and air. g. Waste flue. 
h. •Caroouif ing trays, p. Overhead traveller, o. Movable cradle. 

C < t f « 

carbonisation of coaf at different temperatures and of preparmg accurate balance 
sheets'wv.s’ kept in view throughout in both cases. <• 

A full description 6*f the horizontal steel retorts erected at H.M. Fuel Research 
Station is given in the Report of the Fuel Research Board, 1 but a sectional elevation 
js shqwn’in Fig. 40. Brie'fly , < the battery consists of nine horizontal retorts, each 

1 Fuel Refeeat Jh Board. 1 Report for the Yeap3 1920, 1921 ; Second Section : “ Low .Temp mature 
Varbonisatipn.” (p.M. Stationery Office.) 4 * f 
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9 feet long and 2£ feet wide. Each retort consists of top and bottom plates of 
|-inch mild steel, slightly cammed, connected by 5-inch standard section channels. 
With this ci^ss-section it has been found that t le retorts liave successfully resisted 
the tendency to distortion due to their exposure to a temperature of 600° C. during 
a lellgthy period. The retorts are closed a^thc fronted by self -sealing doors 
through which are inserted the trays in which the coal ffir carbonisation is spread. 
Two trays per retort are used, each tray being the fcill \yjdth of the retort a$id 

3 inches deep. SteeJ. strips across the trays divitie the material into biotas of 3-inch 
cube. The gas off-take js«at the back of the ’•ctort and leads to a common collecting 
main, but the off-take is automatically closed when the retort door is opened. 
The yapours arl. led. as* usual through condensers, scrubbers, etc., for the collection 
of the oil, etc., and the gas is collected in a gas-holder. 

The heating chamber for the battery is 30 feet long, 8 feet wide, and on the average 

4 feet high. It has a capacity of about 860 cubic feet. The gas and air are supplied 
through three nostril blocks in the roof. The combustion of the gas is completed 

• under the crown of the arch, which is maintained at a temperature of ovef 600° C. 
and radiates its heat to t4ie upper surfaces of the retorts. The products of com- 
bustion pass the retorts on their way to the flues which lead from the bottom of 
the chamber. 

These retorts have proved extremely useful for the purpose for which they 
were designed. TL yields and qualities of the products of the carbonisation of 
various types of coai have been ascertained with great accuracy, and valuable 
knowledge of the maintenance of retorts of this description has been obtained. 
The most serious disadvantage from a commercial standpoint has been found to be the 
relatively heavy labour charges involved on account of {he carbonising trays being 
put in and taken out of the retort by hand Even under such adverse conditions, 
however, the retort at one state of the market was practically*sel[^upporting. 

In view of the experience gained by the working of these retorts, a further 

'; v ’ ; carbonising machine was devised ftnfi patented, 1 one ofvthe paten: drawings of 
which is shown in Fig. 41. It will bo seen tluv' . the carbonising trays rest on an 
elevator which can be moved vertically in a gastight chamber. The tr%ys can 
in turn be moved opposite an opening in the reto?t through wjdch the tray is drawn 
to an outside chamber. It is then discharged of its coke, ^loaded with coal^and 

• ret%nned to its shelf in the elevator. This retort has been In operation for some 
months, and very satisfactory coke |jas been produced. On account of tlie^edifction 
in the amount of heat transferred to the coal by radiation, afi increased time of 
carbonisation has been required over that necessary In the earlier retort, and the 
mechanical difficulties caused by the tendency of parts fo^et out of regi#ter # owing 

*to “creep” of the metal at the temperatures rnasd have^l ike wise, reduced tte 

* f * 1 Pat. Spec. 1^8,994 (1922).' 

• • 




Fig. 41.'— ^.M. Full Research Station. Experimental Carbonising Machine. 
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advantages which would otherwise have been* obtained. The experiments upon 

this type of apparatus have accordingly been dropped for the time being, as it 

seemed thatia more promising method* of k w temperature carbonisation was 

opening out m another direction, and the time of the staff and the facilities of 

the station might more profitably be used iA developip^ the new scheme. (See 

p. 261.) * 

‘THE FUSION PATENT LOW TEMPERATURE RETORT * 

* • 

•The Fusion Patent Low Temperature Petcrt is made in two types, viz. double 

tube type and single tube type. In tlie former, the material passes down the centre 
of th$ inner tuf>j, where it frlls into the outer tube. It then passes down the 



annular space between the inner and outer tubes, and leaves .the outer tube at f the 
# san*e end at which ilie material is fed to the retort. In tin? single tube type tb$ 
material is fed into the ^ube at one jnd^nd discharged at the other. I?i eacMase 
the axis of the tube is horizontal. In the double tube type, the tabes are concentric, 
and in the design illustrated (Fig. 42), the outer is a bo fit 30 inches in diameter and 
the inner about 18 inches in diameter. The retort its constructed in standard size8 # 
•from 2 feet 6 inches to 4 feet in diameter, and from* 25 dee t \o 100»fee,t in lengtff. 
The capacities «f these retort-) vary from I tons to 100 tens of co$l per 24 hours? 
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It is stated that for a speed of 5-7 revs, per minutp, 1 B.H.P. is required to drive 
the 5-ton unit. 

Within the inner tube is a loof e “ star ” or “ cross ” breaker, whose diameter 
is about two-thirds that of the internal diameter of the inner* tube, as the retort 
rotates the breaker is casnjed with ii qntij a point is reached when the breaker falls 
over, and one point or edge of th& star or cross comes in contact with the bed of 
tl 3 material under treatment, giving it a glancing blow with a chipping effect. 
A similar type of breaker may be dmployed in the annular spacg between the tubes, 
or alternately the inner tube may he -provided with, external rib? and act itselfi as 
a loose breaker in the outer tube. 

The material, which is preferably crushed to pass through, a $*mch sieve, ps fed 
into the inner tube at one end and leaves the outer tube at the same end, after 



Fig. 43. — Fusion Patent Retort. 

/ Typical temperature Gradient. 

r 

traversing first thb ntner and then the outer tube. The material is not mechanicaUy 
propelled along the tubes, but moves along through finding its angle of repose as 
the tubes rotate. There must, of course, b el' a difference in level of the material at**- 
inlet and outlet fov motion to take ]dace. This difference in level, or “ head,” 
varies; with the rate at which the material is 'treated, with the speed of the rotation 
of the retort and with other factors, but it is stated that the head required in a singlo- 
tutp retort is about 2 inches. 

* The heading gases circulate around the outer tube, and nenco the inner tube 
is oniy indirectly heated. The' temperature gradient of the material in the retort 
therefore rises very gladually ; and, as given by Capt. 0. J. Goodwin, 1 <is shown 
in Fig. 43 for a typical run. ' By manipulating the dampers G (Fig. 42)' the tern- 
( ^eratiire gradient in the bute” tube may be regulated to suit different materials, 

1 Goodwill, C J. “ The Fusion Patent Low,Temperature Retort.’* Trans. S. Wales Inst, of Eng., 

* April, 1922. , 1 « ( 


[ 
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rising either gradually or quickly to a maximum, or rising in defined stages if it be 
expected that a strongly marked exothermic action will take place in the material. 
The evolved ^aseshind vapours in each tube remain separate until they mix on exit. 

A special mechanical feature of the retori^is the desi^i of stuffing box at the 
exit end of the tubes. The method of making # the joint is illustrated in Fig. 44. 
The joint is made between an asbestos compound ring and a steel ring. The 
asbestos .compound ring is secured to the reaving tube, ’while the steel ring\s 
carried by a diaphragm which is corrugated in order to increase its flexibility. Steel 
spflngs arc employed to k'eep the rubbing surfaces in contact . 



The loose breaker differentiates this retort fronj other somewhat similar devices'. 
The outstanding claim made is that the breaker not only kef>ps the heating sur- 
faces free from dirt and scale, but that it also prevents the cjking bf tH mate/ial 
*tselk The power required to actuate the breaker is very small ; and, tfs g, scraping 
action takes place each tifye the breaker falls over, tfiere is im^ dagger of the scraper 
breaking br failing to function. It is stated that the throughput o c a Fusion retort 
of the dimensions described; is from 3| to 5 tons per 24 lymrs. 

An experimental r<?tort of th<? above type, thouglf withhufr the iqner fubef has * 
E)een constructed by the Fusing Corporation, Ltd., at J:heii*w5rks at* iftiddlewich, • 
Cheshire, ft# tlfrpughput is 5\ons per day. ' * 
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, THE MACLAURIN PROCESS 

The earlier developments of the Maclaurin process have already yfeen outlined 
on page 200. The most recent development arises from the decision oi the Glasgow 
Corporation to install a lottery of five units of this type of retort at Dalmarhock. 
Two objectives are aimed at : Firstly, the production of smokeless fuel, and 
secondly, to prove whether or not the gas obtained by the process can be economically 
used for the: firing of the boilers in tfie generating station. 

Fig. 45 shows one of the latest types of the Maclaurin retort. It has a squrfte 



Fig. 45. — Xaclaupin Carbonising Plant. i 


cross-section, its maximum internal width being 8 feet aAd its overall heignt about 
45Veet. '“JJhe utort is raised above ground level so that tubs can be run beneath 
£o facilitate - discharging. For the purposes of securing uniform distributionpthe 
ai z blast enters through a large" number oi na~row ports in the opposite side-walls, 
and also by similar ports ii^ a dividing wall which is carried across the plant at the 
same level. The zone below*, the entry of the air is the cooling zone. ‘Steam is 
'injected lit the "'discharging doors, and, in cooling the coke before discharge, becomes 
^heated and* prrtly decoxfiposedT into water gas. Passing upwards, it mixes with 
the producer gts formed at the combustion zone. The cylindrical tank at the top 
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of the retort, which acts as a condenser, has a diameter of 8 feet and a height of 
about 10 feet. The bottom of ftds tank i^ dished upwards/pso as to provide a well 
for the collection df the oil and water. An open internal cylinder dips into this 
well, leaving an annular space of about 2 inclietf^for the passage of the gas. 

The plant is continuous in operation* and % retort^)! the dimensions given 
contains about 30 tons of fuel. It may be run cither for complete gasification 
of the fuel or for the production of smokeless jjiol, the*only adjustment necessar^ 
in changing over consisting in the regulation of the air blast and gas outlet valves. 
It i% stated that the gas ieaves’the p^int at a temperature of from 60° C. to 80° C., 
so that the heat Josses involved in the process are very small, 

• 1 * 

o 

THE* MARSHALL-EASTON PROCESS 
The Marshall-E^ton retort, a suggested arrangement of which is illustrated 
in Fig. 46, is of the vertical type, heated internally by the sensible heat of water 
.gas and heated externally by the ignition of “ blow gas ” in the surrounding chequer- 
work. The retort is made t>f silicon cast iron, inches thick, and consists of two 
vertical cylinders with a common segment, so that the cross-section is in the form 
of the figure 8. The interior of the retort contains two screw conveyors, one in 
each cylinder. The screws are so disposed that the projecting portion of one is 
opposite the recess of the other in the common segment of the retort. The move- 
ment of the screws is synchronised, the speed of each being from six to ten revolutions 
per hour. The descent of the charge through the retort is controlled b\ the move- 
ment of thp screws, and the claint is made that, as the blades of the screws segment- 
ally overlap, highly bituminous or stichy coal (fannot hold itself up in the retort, 
as it is continuall/^being wiped forwards and downwards. It should be noted that 
thejelaim that the screws act as Scrapers is not mad* by the invhnfQrs. The charge 
progresses through the retort 'in scgntcntal rings about 6 inches dqpp and abo\it 
inches thick. Thus the external h&af of carbonisation haS to pass only through 
tin* thickness of the retort and inches of the clsicrge, and it i3 claimed that the 
tinfb of carbonisation is from three to four hours. A full description of the Atorb. 
and process is given by Mr D. Marshall In a recent number <*f the Gas Journal. 

• 

THE PEHRSON PROCESS 

The Pehrson rotary furnace system is designed to separate the products 
which come off when coal is heated* up to 250° 0. (or hjgher with some coals) from 
those which are evolved between that temperature and ,560° C. It has already 
b^en shown (Chap. VII) that the dormer consist mainly, if >io> entirely, of carbon* * 

1 MaAhal^ F. V. “Low Temperature Carbon iatiwi by the* Medium of Water Gas: Iho* * 
Marshall-East on* Process. ’ * Gas Journal , June 13, 1923. 1 * 
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dioxide and the water of constitution, whilst the nils and hydrocarbon gases are 
evolved during the latter stage. Ii the higher temperature stage internal heating 
is effected by recirculating a proportion of the make gases afte^their^ temperature 
has been raised in a separately firel gas -heater. In the lower temperature stage 
the internal heating is effected byaneans of the flue gases from the gas-heater.^ 

^ The process is intended to treat small coal or duff. The main operations are 
carried out in rotary fetorfls whi<^ are intercommunicating but which allow the 
products of distillation mixed with the heating gas to be taken off separately from 
•each furnace. ‘ f 

The retorting apparatus consists of a drying tray apd two rotary furnaces. 
The fine coal first passes over a drying tray which consists of a circular table under 
which the hot gases from No. 1 furnace are conducted. It is then fed into No. 1 
furnace, where it is treated by hot air or waste gases at a temperature below that 
at which combustible volatile matter begins to be liberated io any extent. The 
distillation products from this furnace being valueless are discarded after passing 
under the drying tray, but a portion is circulated tnrough a heater and reintroduced’ 
into the furnace. No. 1 furnace is at a higher level than No. 2 furnace in order 
to facilitate the transference of the charge. The material enters No. 2 furnace at 
a temperature of from 250° 0. to 300° C. and then gravitates gradually towards 
a zone of heat which at the discharge end is kept at about 560° C. 

The rotary furnaces consist of deep drums, each of which has tubular extensions 
or necks at both ends to facilitate charging and discharging. Integral with the 
drums are & number of conduits through which the hot gases are introduced into 
the respective charges. The method of conveying the hot gases to thu charge is 
by means of valves so uefdgned that the gas Is forced into the^ charge through a 
number of tubes, inserted in a circle round the periphery of the furnace and main- 
tained through to the opposite side. These tubes have longitudinal openings at 
given interval^, and it is stated that they are so constructed that the orifices cannot 
be choked &y the pharge. 

fljie valves are so designeef that only those tubes which are below the charge 
of coal at a given depth are in service. b It is affirmed tjiat this device gives perfect 
control since the gas is afways passed through fuel of determined depth, which being 
in constant riiotion^can be maintained at a very uniform temperature whilst the 
risL-of condensation of oils within the charge is reduced to a minimum. 1 3 

THE P'URE COAL BRIQUETTE PROCESS 

( The Pure^oah Briquette process which has been developed by Mr. E. R. Sutcliffe 
c and Mr. E.C. Evans depends for^ its ^success more upon the pre-treatment of the 
material thari upon t£e tyj^e of retort used. The ’authors indeed strVce that theii 
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process can be successfully carried out in existing gas retort or coke oven plants, 
although a special type of retort has also been designed wljen a smokeless domestic 
fuel is required, v * 

The coal Is firsi washed and dried, and tfcn ground to the size determined by 
the characteristics desired in the resulting pok(j. The *>i?e usually recommended 



coal in the requisite proportions to render the fixture non-expanding, jftis stat^ 
that, with most British coals, good results can be obtained b*y the addition of 
20 per cent to 25 per cent $>f coke breeze. The mixtifre is then briquetted without 
a binder, a pressure of,eight to ten tons per square iiwh ttejjug applied in f* specially, 
designed ovoid press. The briquettes thus produced «rcdiara*and <J<in«e, and not 
only pSss Qirough the retort Without fractdre,*but resfilt in a fuel ^vhich # does not* 
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readily disintegrate during transit. The inventors state that a briquetted material 
of this description may be advantageously used in gasworks and coking ovens. 
The coke is not only free-burning and smokeless, but is hard and dense. It is 
claimed to be of better quality than the cokes obtained from existing -processes. 

In order to obtain ihe most suitable fuel for domestic purposes, the material 
is subjected to a gradually increasing temperature which may rise to 1000° C. The 
r<^ulting fuel has a low volatile content, but ft is claimed that on account of its 
structure the coke is as easy to ignite and as free-burning as a coke with a volatile 
content of 10 per cent. The use of this high temperature ensures a high yield of 
gas and ammonium sulphate. In addition, since the coal is gradually heated to 
its maximum, the tars are expelled at low tempraturcs and nave the same 
characteristics as ordinary low temperature tars. 

The type of retort employed is shown in Fig. 47. The retort consists of a 
vertical cylindrical chamber lined with firebrick and lagged with insulating material. 
It is heated internally by means of steam superheated in preheaters and regenerators 
to the required temperature. The retort is fitted with two regenerators, which are • 
used alternately in the usual way, one being heated while the other is giving up 
its heat to the steam used as the heating medium. The regenerators are heated 
by part of the surplus gas being burned at the bottom, the products cf combustion 
passing through the chequer work bricks. * 

THE SCOTT-MONCRIEFF PROCESS 

In the Scott -Moncrie If process, of which a detailed description has not yet 
appeared in the technical press, though particulars are given in his Patent Specifi- 
cation, 1 the material is placed in a series of trays, which are superimposed one on 
the other in a cracile or support. The treys are fitted with circular bosses or 
distance pieces, which engage by male and female projections, and leave a free 
passage <betwcen the trays for the withdrawr-l of the gaseous or vapour products 
of carbonisation. Means are padded for engaging the trays to the cradle, so that 
t t he treys of the series are successively introduced or withdrawn from the lower exxd 
of the latter. The cradle is rigidly attached to the lid of the retort, and can be 
cor veniently introduced into and removed from the retort by means of an over- 
head traveler or trolley. After the material has been carbonised, the trays are 
removed, from the retort and p^ced in a cooling chamber of the same size as the 
retort. The' circular groove on its upper rim corresponds to the tongue on the lid 
of the retort, so that a tigflt* junction is readily effected. When the material has 
Jbeen cooled, tho cradle is taken to the unloading platform, and the trays disengaged. 

Hydraulic ;powei; is suggested as a convenient method of raising and lowering* 

, 1 Scott-Moncrieff, W . ‘D. Pat. Spec. No. 182,888 (1922). 
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the cradle for this purpose. When the trays have been unloaded, they are taken to 
a loading platform, where the correct amount of fuel is introduced into each. The 
operations bf loading the cradle and carbonising the material are then repeated. 

It will bk seen tfiat the principle involved in this process is very similar to that 
incorporated in the Fuel Research Board apparatus ^described on p. 221. Mr. 
Scott-MoncriefE’s further experiments will be followed \?ith great interest. 

♦ 

THE “ SENSIBLE HEAT ” (NIELSEN) PROCESS * 

4 * 

In the “ Sensible Heat ” (Niels&i) process the retort is of the inclined rotary 
type, and is internally heated with hot producer gas. After carrying out a con- 
siderable amount of experimental work in a small plant erected at Chatterley, 
Messrs. Bryan Laing and Kara Id Nielsen, the owners of the patent rights, have 
recently installed a large plaint at the works of the Carbon Products Company in 
India. This retort, v\*hich is designed to treat 100 tons of coal per day, is illus- 
. trated in Fig. 48. It consists of a steel shell, which is about 90 feet long* Over a 
length of 40 feet the dimeter is 7 feet, and over the remainder of the length the 
diameter is 9 feet, the larger diameter being at the discharge end. Near the lower 
end an annular chamber, 14 feet in diameter and 8 feet long, is built round the 
shell. This chamber is for fchc purpose of cooling and facilitating the discharge of 
the material after carbonisation. The shell is lined with firebrick as a protection 
against the action of heat, and is lagged on the outside in order to reduce radiation 
losses. The charge is fed into the retort at the upper end, and the uydination and 
speed of the retort $re such 'that complete carbonisation is effected when the , 
material has reached the lower end of the retort. Separate discharging doors into 
and from the coaling chamber are fitted and ,are handkiperated^ 
t The retort is driven through a* spur-ring which surroand^ the shell at its 
mid-length. The weight of the retort is carried on rollers by three r mining 
baiyls, which are situated one near < a£h end of the retort r nd one near the driving 
t band. End thrust is taken by thrust roller^ resting against the side of the running 
land. % # 

The .material is carbonised by meant* of hot *produc$r ga$ which traverses the 
full length of the retort in the opposite direction to the movement of /he chatge. 

% Th$ producer, whiclf is of special design, is placed near the fewer endm the retort. 
The outlet from the producer enters the revolving portion of the retttf through 
a specially designed gland in which cast iron rings rest or* metallic surfaces. At 
the other end of the retort, a fixed cylindrical casing* 3J feet in diameter, carries 
both the coal-feeding mechanism and the gas outlet branch. Tbs gla^id at thij 
• end is similar to that at the otW. In their design*tht iiiwfotors appear to have 
solved the, difficult problem rjf keeping a «large -diameter stuffing box tight unde? 
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high temperatures. The coal is fed into the retortt'by a ecrew conveyor working 
in a trough into which the coal fall® from a mechanical measuring device. 



Fjo. 48.—“ Sensible Hea? ” (Nielsen1.Process. Producer Gas System. 


The hot producer gas in its passage through the retort is enriched- with t e 
products cf distillation. After leaving the retort it is passed through a tar extractor 
and condenser' for the serration of the oil before it is used or collected in a g 

Wder. „ 
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A further experimental plant to carbonise 10 tons per day, is to be erected at 

Silkstone, Yorkshire. In this ^plant, illustrated diagrammatically in Fig. 49, the 
inventors intend to use hot producer gas &s the heating a^ent only when the plant 
is being started up. • When in full operation t t.tie make gas after being condensed 
and nil scrubbed will be passed through a superheater* placed in front of the 
rotating retort and then through the retort, so effecting carbonisation by means 
of its sensible heat. The superheater is so arranged that it. can be fired, eitherhy 
using a portion of the scrubbed make gas, or ©by producer gas. In this wapitis 
hoped to obtain a gas more nearly approaching the rich gas that can Se produced 
in externally heated retorts, whilst retaining the advantages associated with 
internal heating*. * 

* THE TOZER PROCESS 

The main features of the Tozer process have already been described on page 197, 
and there is little to be #dded to the account there given. A large plant of 24 retorts 
with a throughput of 120 tons of coal per day is now in course of erection at*Ballen- 
geich, Natal, for the Sou^h African Carbide and Products Co., Ltd., and the results 
obtained from this plant will be awaited with much interest. 

A considerable amount of work has recently been done on lignites from various 
parts of the world, and a firs,t section to treat 100 tons per day of 24 hours is now 
in course of erection in France, the plant being designed to treat ultimately 500 tons 
per day. 

OTHER PROCESSES f 

It is not possible to describe all the processes and retorts suggested for the low « 
temperature carbonisation of coaV but; a summary of ‘he distinctive features of 
others not already described is given in Table XLVI* It is thought indeed that a 
tabular description along Jiese lines # of all the p/oceeses and reports already con- 
sidered would be interesting and instructive, but limitations of space render Such 
duplication in this volume inadvisable. * 

i * 

SUMMARY OF SUGGESTED. METHODS OF RETORTING * 

From the foregoing description of apparatus, it will be se^i that inventors b^ve 
. suggested a large number of types of retort. In addition todhosc whip! have been 
described in some detaij, there are many others jjund in the pages of,the patent 
literature of this and otner countries. Most of these are Jikety to remain theft, 
some as .records of misplaced ingenuity, and others* &s tombstones of unscientific 
skill. In common with many other inventions, tjie .problem h^s usually been 
♦approached from too limited arl angle. For the atUvxnrelUt^ succ^ss^ the Ifelj^of 
the engineer, physicist and chemist is required. Co~operaj!on is no*t only essential 
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between several different branches of science and technology, but other branches, 

such as geology, botany, etc., are likely to afford valuable information in more 
limited directions. 

Some of the many patents whiclj have been taken out hate, however, passed 
from the inventive to the experimental stage, while a few have gone a step further, 
and have been built on a ocale in which, if successful, they might be reduplicated 
a^, units of a possible commercial plant. By paeans of others, again, it has been 
possiule to place on the market small supplies of coke and oil, but time alone can 
show whether the commercial results obtained are such as to ensure their survival. 
The authors have studied in detail some forty of the most promising of the British, 
American and German retorts, and the following broad genera bsations of their 
most distinctive features aie given. 

CLASSIFICATION BY METHOD OF HEATING 

In the broadest sense it has already been pointed out that there are two methods 
of heating by which the problem of low temperature carbonisation may be attacked ; 
but the fact is not overlooked that a process may be successful in which these two 
methods of heating are combined : — 

(1) The coal may be distilled in a gastight retort in which the whole of the 
heat for carbonisation is passed through the iron or fireclay retort wall. 
The fuel, solid, liquid or gaseous, is burnt either in a large chamber which 
almost completely surrounds the retort itself, or in a succession of smaller 
heating chambers built on the outside of the retc.t wall, i.e. eAternal 
heating. 

(2) The coal mav be exposed to the action of heat derived from the sensible 
heat of some substance which is mixed with the material to be carbonised. 
The substance forming the heating material Is usually a large amount of 
producer gas, either generated within die retort itself, as in the Macla. tin 
type, or externally, as in the Nielsen retort. Proposals have, however, been 
<made from time to time to use materials other than producer gas for this 
purpose, these proposals including the use of superheated steam, heated 

( ~ lowr’^emperatuie coal gas, melted lead or hot sand, i.e. internal heating. 

k 

Since one of the main difficujties associated with the problem lies in conducting 
heat into the interior , of t the mass, classification under the headings m entioned 
above seems to be' the most important. In the first case, the coal must be carbonised 
in thin layers. ,This renders difficult the design of a plant which shall have a large 
capacity, and, ,at tlm's^me time, be compact and' occupy a minimum of ground 
ipace. It is simple, however, to obtain and recover the maximum of products, 
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especially the gas, both as regards quantity and quality. In the second case, the 
introduction of heat is much facilitated, but when producer gas is used as the 
heating vehicle, it involves dealing with k),000 to 25,000 cubic feet of a low-grade 
gas, having f J calorific value of about 230 B.Th.U. per citric foot as a maximum. 
If bddly designed or carelessly worked, the heating value of the gas may be greatly 
reduced below this figure. 

If superheated steam is used, ekher alone or in conjunction with produc$c$ls, 
as the heating medium, the quality of the g^s available for sale may be greatly 
improved, since the steam will be condensed out in the cooling plant, whereas 
producer gas passes along as a diluent. Unless steam, however, can be obtained 
mom or less as a was*te product from some other operation, the difficulty of 
recovering and making use of its high latent heat renders it expensive as a 
material whose only function is to distribute heat which it possesses by virtue of 
its temperature only. * 

Although most types of retort may be classified according to.the considerations 
quoted above, we find examples which embody features of both classifications. For 
instance, when a small atnount. of steam is used at the low temperatures here con- 
sidered, it hat} been previously seen that decomposition of the steam by carbon is 
almost negligible, and the action of the steam is probably mechanical, not only 
in sweeping away the vapours of carbonisation, but at the same time in assisting 
the distribution of heat by convection. The fact, therefore, that an externally heated 
retort is steamed brings it partially, within that group associated with internal 
heating. ^ • 

CLASSIFICATION BY METHOD OF WORKING 

f ( * 

Having arriycd % at a basis of classification on the broadest lines, it is obvious 
that many subdivisions n>\y*be made within these two groifps.# One of the most 
important of these is whether the pt^cess is continuous or, discontinuous in aStion. 

^Tlie advantages of a continuous 'method of working are : — 

I n . - • 

* (a) Conservation of labou? and he'ut. f 

(b) (V tendency to ir jrcased life in ihe retort, owfijg to^nstant temperature 
conditions being maintained in the various parts of tlje apparatus. § 

On the oilier hand, it may be difficult to recommence operations in the 
event of an interruption or breakdown. 

• * • 

The advantages of an Intermittent process are :-*• • 

(a) Mechanical arrangements may sometimes be^infplififid, 

(b) Examination of the interior of the apparatus*!* simplified. 

(c) TjH chfuge is under more direct cdhtrdl. 
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In comparing these two systems it is significant^ note that only about 10 per 
cent of the processes examined art intermittent in their working. In gasworks* 
however, the intermittent horizontal retort is extremely popular. 

c 

OTHER i METHODS OF CLASSIFICATION 

^Other methods of classification which naturally suggest themselves are, accord- 
ing to 1 the position of the retort axor, vertical, horizontal and inclined, according 
to whether the retort moves or not, according to the material of the retort, and 
many others. These, however, while useful for descriptive purposes, do not call 
for any special comment. <• • * 



CHAPTER XVIII 


A DISCUSSION OF SOME DIFFICULTIES ENCOUNTERED 
IN LOW TEMPERATURE CARBONISATION 

A. RETORT MATERIALS 

t 

MATERIALS USED IN THE GAS-MAKIN& INDUSTRY 

Ik all processes involving the application of heat, it is* necessary to devof« 
careful attention to the material through whicWthe heat is passed from Jhe heating 
agept to the material undhr treatment. In the .earliest gas -making processes it was 
customary to use retorts made of cafct iron. Murdoch (in 1792, at Redruth), who 
was the founder the gas-making industry, first max lfactured gas in a cylindrical 
iron pot, closed by an iron lid, and set over an open fift. Difficulty was encoun- 
tered in discharging this retort, and at the beginning of the 19th century Murdoch 
adopted for his larger experimental work a horizontal iron retort of cylindrical 
form, which solved sori& of the difficulties in this direction, since the charge could 
.be raked out after carbonisation These retorts were small in size, the maximum 
at this period measuring about 20 inches diameter by 7 feet in length. 

Murdoch, whose first experiments were carried out at very low temperatures, 
made an early 'discovery that it was necessary to adopt higher temperatures if an 
increased gas yield was to bfc obtained. The difficulties attendant upon the car- 
bonisation of large masses of coal were also soon apparent, and attempts had to 
be made to overcome these disadvantages. At length the fact was recognised that, 
at thiftow temperatures employed at that time, it was essential to carboyisc the coal 
in thind^yers. Althoygh this principle was well recognised in the early days of 
the gas industry, it is interesting to note that* many of f the inventors, who have 
since 1906 turned their attention to low temperature carbonisation, have failed 
to utilise the experience gained ns earlj* as the first half of the last 'century . 

Following the progress of tjie gas-making industry, we find that by the middle 
of tJjp 19th century, the practice of irufnufacture was confined to the use of retorts 
«f oval or O -shaped section. 

* The development of the ordinary pfocess of gas-mjking has, since its inception, 
followed vthc line of obtaining the greatest possible quantity of gas of suitable 
illuminating or calorific value, produced by means of increase* of temperature. In 
# the earlier retorts it tfas impossible to use temperatures in excess of JC0 13 C., and 
even then the deteriorate of the material proved so rapid that the life of the^ 
retort expended only over a few t months. Growth 6f vasb into, eveii at lower 
temperatures than those quoted above, was very serious. It is only of late years 
that scientific research has been the means of explaining this phenemei^m, which ^ 
has been for many years a familAr difficulty in certain industVtes. A^ejnperatui^s 
exceedihg ^0° unless gre^t care is taken* in the Selection of the metal, it is* 
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possible for a cast iron twelve -foot retort to increa^fe several inches in length within 
a comparatively short t^me. 

The troubles attending the use of metal retorts at the higher temperatures led 
the gas industry to experiment upon retorts made of fireclays md these came into 
common use about 185C, their feet ion f being much the same as those of the 
earlier cast iron retorts. After the inevitable troubles associated with such a 
i*^cal change in msfterial had been overcome it was possible for thd' gas industry 
to increase^ the temperatures to S 7 nuch greater degree. These temperatures at 
the present time average from 1200° C. to 1300° C., and ft is interesting to noto in 
passing that the successful use of refractory r materiais at these temperatures has 
only been rendered possible by the application of scientific knowledge regarding 
such factors as their melting and softening points, thermal expansion, both per- 
manent and temporary, and other details. 

It has sometimes been suggested by those who are not folly conversant with 
the subject, that^all that is necessary in securing effectively the low temperature 
carbonisation of coal is to return to the practice cf the early part of Jast century. 
A very brief consideration of the question, however, proves the fallacy of this 
proposal. It is true that the temperatures utilised in common practice at that 
time were only to a small degree in excess of those likely to give the most favourable 
results in a process which aims not at gas production, but at the production of the 
greatest quantity of oil, in addition to a coke containing some 8 to 10 per cent of 
volatile matter. At the time when metal retorts were in general use in the gas- 
making industry, coal and labour were alike cheap, and the prices obtainable for 
gas were relatively in excess of those commercially possible to-day. AHA^ugh it 
is possible to utilise the experiences which have been gained by the gas industry, 
it would be absolutely impracticable under modern conditions to establish 
an industry capable of carbonising the tens of million* of tons of coal at present 
used in the raw state by merely setting back the clock of progress in the gas industry 
by half l century or more. On the contrary, success in this national problem can 
only be brought about as the re^lt of careful study of the whole matter, by reasoned 
q’udgment, and by experimental work based on the partial successes and failures of 
the past. * • 

c ADVANTAGES OF METAL RETORTS 

In th(v design of any form of retort or oven, one of ':he first questions to be 
determined is whdeher to- adopt metal or refractory material for the actual walls 
through which the heat has to make its way. Both materials present certain 
advantages and disadvant ager ; and, in the case of carbonisation at about 600° C., 
neither possijSLes properties which would rule it &ut, as would be the case were* 
‘metal proposed for higta temperature wa.k. 
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One advantage of a metal retort lies indts high coefficient of conductivity for 
heat. This advantage is accentuated by the faci 1 that the ^falis may be kept down 
to a minimum thickness. Another point* of superiority which the metal retort 
possesses over%that VAade of refractory material is the ease^ with which it may be 
made tod kept gastighfc. Leaks are not JikeJy ip develop, and, even should some 
failure of the joints ultimately occur, the escape of gas* either in the inward or 
outward direction, will probably be* small. The leaks # can ■aftso be repaired 
comparative ease during a periodical overhaul.© 

CAST IRON RETORTS 

Ii> the case of cast-iron, one of the difficulties which f may presen 
possibility of growth at the temperatures used, especially in the presence of super- 
heated steam. The distortions to the setting, which are serious if not properly 
provided for, can bo reduced to a minimum by allowing means for the changing 
levels of points in the retort to adapt themselves to the levels of the suvound- 
'ing brickwork. The present-day knowledge of the properties of cast iron is 
also much greater than tlAt of the middle of the last century, and mixtures can 
now be provided in which growth is reduced to a minimum. In a paper by Rugan 
and Carpenter, 1 before the Iron and Steel Institute in 1909, the problem is taken 
up in a comprehensive manner. Engineers and others interested in the use of 
metal which is required to withstand high temperatures, will find this paper a 
verit^e mine of information. In a further paper by Prof. Carpenter, 2 read before 
the Staffordshire Iron and Steel Institute, a summary is given of the stafte of know- 
ledge practically as it Exists at the present time, and the authors cannot do better 
than quote Prof. Carpenter’s own wards as follows : — ^ • 

“ The chiei sinner in th# swelling of grey irons on heating; ^whether at high 
or low temperatures, in mr or furnace gases or superheated stejm, is unques- 
tionably silicon, present not as such, but as dissolved ir#>n silicfde in the main 

* bulk of the iron. But this silicidc can exert nq influence whatever ki producing 
•growth by separation as silica and ih>n oxide, unless graphite is present, v^hich. j 

on heating the iron, aMows ftxidising* gases tt) penetrate t Uto and gradually 
attack the metal chemically. Without graphite silicon is absolutely inqpcuoufV’ 

• Pl*om his experiments Prof. Carpenter draws certain conclusions *which mav 

be summarised as follows 1 : — 9 

(1) Any grey cast iron, jf heated either repeatedly* or for prolonged periods, 

1 Rugan and Carpenttt. “The ‘Growth’ of Cast Iron after report Healings.’# Jotyn.of • 
hon and Steel Inst., 1906, 2, 29. « • 

a Ca^por.ter, Prof. H. C. H. “Portlier Notes on Cast Iron QrowtlA” Staffordshire Iron and * 
Steel Institute^ec.iC\, 191S. * * 

Q 
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either in superheated steam above 250° C. or in air or furnace gases above 
650° C., will swel^and eventually crack. 

(2) The amount of growth will depend on the chemical composition and con- 
stitution of the^iron and may be expected to be leasf^for lew silicon cold 
blast Staffordshire iron, and, most for high silicon hot bl&st irons. c 

^ The solution of the. growth difficulty put forward by Carpenter is.that no iron 
containing free carbon should be * used ; and, further, that even when an iron 
contains rndfree carbon, it should iiot deposit it on repeat 3d or prolonged heating. 
Campion and Donaldson 1 record experiments upon the changes of volume, 



Fig. 50. — Theoretical Expansion Orve of Steel 
for the Range 600-900° C. 

weight and strength of cast* iron after repeated heatings to 550 1 ’ C. They found 
that the experiments at 450° C. on the changes of volume due to alternate htatings 
and coolings 'gave erratic results with no tendency to change in any particular 
direction. Heating up to 550° C., however; caused a growth which continued 
after fifty-five heatings. The' strength of the iron was &lso seriously reduced 
\>y this treatment. Experiments on the tensile strength of cast iron at various 
temperatures reverie d a Vv ell-defined maximum strength at a temperature of about 
405 ° C., the strength falling very rapidly at higher temperatures. 

The grovidi of cast iron at high temperatures may be illustrated in another 
way. It is well known that CD0-1000 0 C. is a critical raffige for the expansion of 
iron and steel. Between these temperatures the steel contracts during heating 
over a certain range and expands during cooling over another range. The theoretical 
•expansion, curve ol sf^e.l for* a range 600-900° C^. during heating and cooling is 

c 1 Campion alid Donaldson. “ Some Influences of Low Temperature on the Strength nd other 
Properties pf Cast Iron.” T.ans . Inst. of British* Foundry men, J ne, 1922. 
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illustrated in Fig. 50. The expansion curve* for cast iron is, however, very different. 
Experiments made by Souder and Hidnert 1 on a spec^/fien of cast iron which 
contained 3*08 per cent carbon and 168 per c^nt silicon gave an expansion curve 
which is shov^n in 51 . The difference beftveen the heading and cooling portions 
of thfe curve is in tms case almost entirely duelto the growth of cast iron at high 
temperatures. It is seen that the growth becomes marked at temperatures of 
about 600° O', and upwards. . Souder and Hidnert give* the coefficient of exp^.olUn 



Fig. 51.— Expansion and Growth Curve for Cast Iron 
{Souder and Hidnert). 


for cast iron between 25° and 30t)°C. as 1V6 X 10 but st^te that the values 
found »at high temperatures must be considered ac approximate * jnly, as doubtless 
they contain a percentage oi growth in addition to expansion, , • • 

iji his paper to the Iron and SfccM Institute in May , % 1911, Prof. Carpenter 2 
tgives the following approximate composition of*?* cast iron in wliicM the growth 
isflikely to be a minimum * * 


# Per ctlit. * * 

2*25-2-5 (no free cjrbon) 
0-5-0-6 . ' 


Carbon 
Silic^p 

Manganese . . about 1*5 

» 

A further valuable property of this material is tlj^t repeated, heating substan- 
tially improves its tenacit/and probably its ductility also. It should, however, be 

• * * 

* .,» » t * • 

* 1 Souder and Hidnert. “ ThermaPExpansion of a few Steely” ?aper^Ho. 433»U.S.A. Bureafi of 

Standards. , ** , • * # 

2 Carpeiltfr, 11. C. H. “ The G:«owth of Cast iftn.”* Jonrn. of Iroifiand Sled Inst., 1011. 
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initially heated very carefully on account of its liability to crack during the early 
heats. 

In deciding whether or not to adopt cast iron for the retort material in a low 
temperature process, it will be seen that, so long as 650° C. is fb t exceeded, trouble 
from growth is not likely to be seiious if 'care be taken to ensure compliance %long 
the broad lines whicji have been determined by Carpenter. The main difficulty 
in doing this, however, at the present time is that o* ensuring that any specified 
mixture is actually used, coupled with the reluctance shown, by ironfounders in 
accepting orders to specifications suffi as these, which differ from their usual 
practice. This difficulty, however, while a very real one in the execution of experi- 
mental work on carbonisation to-day, will undoubtedly • disappear when such 
retorts are required in large quantities, and attractive orders can be offered to the 
makers of castings. In the case of some large cast iron retorts recently erected 
at H.M. Fuel Research Station for carbonisation at 6(10° C., a suitable material was 
obtained by placing the order with a foundry firm who were accustomed to supply 
similar retorts for the Scottish shale industry. 

The advantage which cast iron presents over mild steel for retorts is its greater 
rigidity at the working temperatures and its greater resistance to .influences of a 
corrosive nature. The fact that it can be cast and therefore reproduced in quantity 
with a minimum of labour is also of importance. 

MILD STEEL RETORTS 

* 

In some' cases retorts have been made from mijd steel. This material was not 
available to the pioneers of the gas industry, so that uo data are at hand gained 
from their experience. Provided the temperature is not too high, mild steel, offers 
many advantages* 0 Jt. does nob possess the property^ of growth, bub on the contrary 
contracts slightfy after repeated heatings. Moreov;/, retorts of varying shiipe 
can be put together With ease although the labour cost of manufacture is usually 
higher than, that o( cast iron, when once the pattern has been constructed, otving 
t to the many joints which musfr be made. In a^slightly oxidising or reducing 
atmosphere mild fteel offers* considerable resistance to,. corrosion. An interesting 
example of this is gjven in the accompanying photograph (Fig. 52) of one of the 
horizontal, retfirts at ( H.M. Fuel Research Station. This retort was removed from 
the setting* after having been under heat more or less continuously for eighteen' 
*inontlis. " No traae ot scaling or corrosion caft be detected, and the retort appears 
to be in exactly* the same ♦conditi&n as when it* was first installed. Some of the 
remaining retqrts have, at thd time of writing, been in almost daily use for some 
^thre# yeaYs, and alctdirg^ a clpse examination, such as coufd be made in the cast? 
v of the retori illustrated, is (impossible, they do not<appear to have suffered in the 
slightest degree*. . ' 
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One 0 f the most serious disadvantage^ attending Jjje use of mild steel is its 
liability to f soften if a working temperature of 600° C. isJtfceeded. This softening 
occurs somewhat siddenly, and necessitates ^the careful watching of the heat ; 
but since efficientramperature control is Accessary in #my modern carbonising 
plarft, such a disadvantage can readily be overcame. >Mfld steel shares many of the 
advantages attending the use of cast iron, since retorts oKhis material can be made 
tight with ease in thfc first instance, and can be rSaintained in that condition 
without much difficult}* 9 , • 

The foregoing remarks 6n the suitability of mild steel for low temperature 
retorts only apply when the material is not subjected to heavy stresses. At the 
temperatures usually foiplofed the elastic limit of the material is low, and, more- 
over, the metal is liable to a continuous creep with time under load at stresses 
much below those, usually quoted for the yield point at any given temperature 
when tested in the •usual manner in a testing machine. Difficulties, therefore, may 
aTlse in cases where it is desirable to maintain accurate registration in the. working 
parts under full heat, especially when it is necessary to use comparatively high 
stresses (say above tw<f tons per square inch). This fact accounts for many of 
the difficulties which have in the past been experienced in the classes of apparatus 
where the coal is mechanically propelled through the retort by a chain conveyor 
or other similar device, and lias often led to the abandonment of the method. 


• • ALLOY STEEL AND ALLOY CAST IRON RETORT^ 

of the difficulties attending the use of steel for carbonising machines 
could be overcome by the adoption of steels alloyed with elements such as nickel, 
chromium or tyfhgsten. Alloy steels of this description have been extensively 
utilised for the valves of motor and'aeroplane engines and for *nany (^Jjer appli- 
cations where the conditions are evefy worse than those which are^lTkely tu*t>^tain 
in low temperature carbonising mat bines. These metals Are, however, $xpensiV^* 

^ both in^their production and*in the difficulty $dfich is frequently experienced in^ 
their machining. In common jvith many other engineering problems, thfe com- 
mercial* solution of low* temperature carbonisation wdWd be greatly facilitated 
were it possible to produce at a ptice little greater than that'of miy. stefcl, «*metal 
. which would maintain a good degree of rigidity at temperatures in the neighbourhood 
of 750° C. w 

In this connexion rroiessor carpenter has«suggeg^(t t(f the authors the possi- 
bility of* usij^ an alloy caft iron, as, for example, a cast iron containing a small 
percentage of chromiam. Therj is some reason to tlfinE th%t, amongst #uch ^lloy^ 

' one or mpre may be found jyhich are equally satisfactory # frdm th£ standpoint of 
growth, bM ai* fees brittle tWn the cast irCn wffiose composition is ^iven on page 243s 
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and which have an increased strength at high tempeitatures. From a manufacturing 
standpoint, a further advantage, of a chromium cast iron at least, would ]^e that such 
an alloy could be produced from a chromiferous iron, possibly T without tne necessity 
of adding an alloying element. "y 

The above suggestion is, however, tentative only ; but tn^/e are good grdunds 
for belief that research this direction is likely to lead to useful industrial results. 

f 

9 

FIRECLAY AND REFRACTORY MATERIALS 

As has already been pointed out, the use of refractory materials for retorts 
has long been universal in ^gasworks. The condition^ are, h^wevor, very different 
from those of low temperature carbonisation, since the temperatures used in the 
former are almost double those of the latter. The use of refractories, however, 
presents some attraction to the designer of low temperature retorts. He is working 
his apparatus at temperatures which cannot have much eAect upon the settings, 
his margins for safety are higher and, although in general his retorts are likely to 
be more expensive than similar retorts of cafct iron, thele is no necessity for his 
embarking upon the use of the high-class and expensive materials which are essential 
when temperatures of 1200-1300° C. are used. Against this must be set the com- 
parative lack of conductivity of the material, necessitating the use of higher flue 
temperatures. Another disadvantage lies in the comparative ease with which a 
fireclay retort may be damaged by heavy or careless poking. The fireclay retort 
also is a more delicate structure than one of cast iron, and one which is 
essentially much more prone to develop leakB. The question of leakage >Tbne of 
extreme importance in low temperature carooni^ation. In high temperature work 
the yields of gas pr ton are at least four times those obtainable in the subject 
under consideration. Again, low temperature gas, although small in volume per 
top iaT very high in calorific value. It follows, therefore, that a small amount of 
leakage is proportionately more serious and h ss under control in low temperature 
work than in high temperature' work. Another gra ,r e difficulty attending the use 
of leal ing retorts lies in the maintenance of uniform heating. If a slight vacuum 
be put on the retort^ there will be danger of the leakage of flue gas into the retort 
from ' the flues increasing the inert gases and increasing th^ volume to be dealt 
with by tile: condensers and scrubbers, these factors bulking seriously owing to the 
small volume per ton of the gas made. If a balanced pressure or a positive pressure 
be used, there is great danger of ri°h gas escaping into the flues, and being burnt 
there. This may be the cause of serious local overheating, but perhaps a more 
jindesirabR feature is ,that this condition causes the operator to lose control of 
the tempers tuies. One ot the Authors has actually seen retorts at work when the 
leakage outwards has bem so serious as to necessitate the almost complete shutting 
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of? of the heating gas from certain of the combustion chambers. It is obvious that 
such a state of things may bec'ome a grave source of danger in the operation of the 
plant, anc^that thii question of leakage must be seriously faced by the designer if 
success in low tem^Vature carbonisation is to 'be attained. 

Before ler : ng ^us question of leakage it *nay be weti to consider briefly one 
argument always brought forward by advocates frKjefractory retorts for low 
temperature carbonisation, viz. tlje tendency of leakage*!*) reiyedy itself ov^ng 
to deposit of carbonaceous materials in the trucks. Wliile this is undoubtedly the 
case in high temperature practice, it only occpfa in a very minor degree — if at all — 
in retorts worked on a low temperature system. In the Scottish shale industry 
it is a well recognised* fact that leakage does not tend to cure itself in the manner 
described. This is probably due to the different nature of the oils obtained. 


CHOICE OF METAL OR FIRECLAY RETORTS 
The abbve considerations ..present 6ome of the more important factors which 
have to be faced at th$ outset in the design of a low temperature plant. While 
it would be inadvisable to form too strong an opinion as to the relative merits of 
metal or fireclay retorts without much more experience than is available at the 
present time, it appears ter the authors that a considerable balance of advantage 
lies with the metal retort, and that those manufactured of a suitable mixture 
of non-growing cast iron are likely to prove the most successful and also the most 
reliable. Retorts of steel are also good, but, as has been emphasised above, there 
is a«?id^ of damage l$y overheating, with consequent distortion and sagging, should^ 
the temperatures 'get out of control, from carelessness or any ojher cause. The 
authors entirehi.fail to sec that any advantage has keen obtained by the adoption 
in cytain cases of ‘refractories as the material fcr retorts, while unfortunately the 
disadvantages have frequently been., only too obvious. ^ 

The above considerations are mainly based on the type of apparatus lifted 
from 4fae outside, when the whole of the* heat* necessary fo& carbonisation has to 
pass through the walls. Where infernal heating is used, the conditions ^may b# 
different. We are no Whger /aced wito the difficulty* of losing heat through a 
great thickness of refractory material, and it may quite will happen £hat a /orm 
of/etort built of bVckwork with a fireclay lining will prow the most suitable. In 
this direction, however generalisation is impossibjf ; a contrast might be made, for 
example, of two processes, both involving the same prfac:ple f viz.«carbonisation by Ifot 
gases. In one of these — thfJVIaclaurin retort — the heat ts generated by partial combus- 
tion in the lower layers of fuel in a retort of the producer type, and carbonisation is 
effected by the hot gases frorft the lower zones passing tftiqugh ^ gr<?at tlfickn&s 
of fuel bqji, «vith the Testify that^he upper layers *of fjfel are distilled at a l<5w 
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temperature. For this process Maclaurin adopts k retort or producer, built of 
brickwork, and lined \^ith refractory material, this probably forming the best 
method in this particular ? oase. In the Nielsen retort, on the yther hac$, in which 
exactly the same principle is used, the hot gas is obtained from^p separate producer. 
This hot gas is passed through a long horizontal rotating cj'ijfhder, through which 
the coal travels in the rejhj^e direction. In the latter case, it is obvious that a 
complete firebrick arrangement would be impossible, and that it is essential for 
the shell of the horizontal cylinder toffie composed of metal 

. 5 1 

B. HEAT TRANSFER FROM HEATING MEDIl^M TO f MATERIAL 

7JNDER TREATMENT 

FLOW OF HEAT THROUGH RETORT WALLS 

r 

In all types of retort used for carbonisation purposes, it has long been<f-a 
matter of considerable doubt as to what is the temperature at various points in 
the charge when a constant and known temperature is .maintained in the gases 
present in the heating chambers, and also what amount of heat can be transferred 
from the gases which form the heating medium to the material under treatment, 
when both are at known temperatures. The problem is one of extreme complexity, 
and presents itself in many other directions, such as heat loss from the walls of 
buildings and the transfer of heat through boiler plates. 

In supplying heat through a retort wall it is first necessary to transfer the 
heat from the gases in the heating or combustion flues to tfie outer surfa^ the 
retort wall, then to pass the heat through the retort material to the inner surface 
and from thence to transfer the heat *o the coal which may be hung more or less 
in contact with it, Or at some distance away, in which case the heat has to boagain 
transferred to ^the coal by conduction, radiation and^onvection through the gases 
undent in, the retort. 0 

The ordinary methods for tke determination of the coefficients of conductivity 
<nfor different piaterials depend on maintaining the two surfaces of a test piece under 
constant and known r temperaturd conditions. Such coefficients are not intended 
to talfe inf-Q account <the temperature difference^ bet ween the heating and cooling 
agents andf the’ surfaces w ith which they are in contact w T l>*ch are necessary, to 
ensure a given heat transfer. Jn the absence of much additional information, 
therefore, strch coefficients *do l not afford any exact data as to the amount* of heat 
per square foot of heating surface which will flow front, the heating source to the 
material under « treat ment. « Broad generalisations may be piade, however, such 
as the fact that the fcemf>e/at\ire difference necessary will be very much less when * 
■die wall is thin and hhp a high coefficient oswconductivity than wtil fee the case 
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when the wall is thick and is m#de from a material of low conductivity. In certain 
isolated cases, however, useful working data have been deduced from works operations 
for the ove^ll coefficient of heat transfer through firebrick walls. Sir George Beilby, 
from ^experin;ents r^tthe lower temperatures, •determined tjie figure of 11-7 B.Th.U. 
per hour for each Utigree Centigrade o* tgnpfcratura difference between heating 
and cooling materials at the two sides of the briclffVhe,. temperature difference 
being of the order oi 200.-300° C* Lewes, 1 on the ' other Wid* was of opinion 
that, “ at the ordinary working temperature #f‘a retort under gasworl^ conditions, 
thu amount of heat transmitted approximates to 25 B.Th.U. per square foot of 
surface for each 1° C. difference in the temperature of the outer and inner surface 
of ijie retort, ifhd thet®this iS not seriously affected by the thickness of the fireclay, 
as conduction is so slow with a retort three inches thick that it is probably only 
the internal portiqp that is cooled to any great degree when a fresh charge is fed 
into a properly heated retcfi-t, and the mass of fireclay acts as a store of heat, 
stNiiat the heat has ofcly a short travel.” » 

The differences in such typical figures as are quoted above are easily accounted 
for by variations in sucbfactors as surface conditions, including degree of exposure 
to convective effects of gas currents. The amount of contained air is also well 
known to affect the apparent conductivity of any material. The degree to which 
this air is free to travel about within the substance, or, in other words, its perme- 
ability, must also affect the experimental figures to a marked degree. There are 
also wide variations due to the material itself. In general, fireclay bricks possess 
a higher coefficient of apparent conductivity than does silica. Again, nt is affected 
by file 'iemperatuje tof burning, the higher temperature contributing to higher • 
coefficients. Lewes quotes for an, ordinary fireclay bur^t at 1050# C, a coefficient 
of conductivity %f J-07, which increased tef 1*81 wifti a temperature of 1300° C. 

alflo points out that this explains*why an old letort will $ve. Jbetter £jjrbonising 
results than a new one, provided it it/sound. , t r ^ 

Other general results of investigations on the thermal conductivity of ^Siw* 
^refraefflty materials may be thus summarised *' * *■ 

(1) The thermal conductivity of silica and t firefcla^ materials iflcreasft with 

the temperature, but that of magnesite bricks decreases. * , 

(2) The thermal* conductivity ^f silica and fireclay materials, ahhoujjh Varying 

* • with different compositions, is very similar, that of fireclay bein£ Jhe greater. 

The thermal conductivity of* magnesite is Spproximateb; twice fthat of fir^ 
clay, and that of carborundum at least five tirc&s that of ireclay. 

When metal is u§ed for the retort wall, some ^f the uncertainties associated 

• with~the transfer of heat disappear. The thermal cqndtfci'ivfty of ft qietal is'nfimy 

t • t • 

*• % v 1 Lewes, Vivijn, Th$CarboT\8atibn of Cool. (Be*n Br™ ' 
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times greater than that, of any refractory materia^ and it is also possible to work 
with a much smaller thickness. These two factors working together make it 
inconceivable that the interior of the retort wall should be mo^e than aifew degrees 
less in temperature than the outsider, and the heat transferors therefore governed 
almost entirely by the rapidity wivh which the heat can be) Applied to the 'muter 
surface by the flue abstracted from the inner surface of the metal by 

t£*e charge undergoing* car b'imisation. The thermal conductivity of the metals is 
well known dor temperatures not greatly in excess of atmo? pheric. 

The variation in the thermal conductivity of iron at the higher temperatures 
is, however, somewhat uncertain. Most of the observations taken by experimenters 
do not cover wide temperature ranges. Jaeger and Liesselhprst 1 observed a slight 
fall in the conduct ivity of '"pure iron from 0-161 to 0-151 as the temperature rose 
from 18° C. to 100° C. At temperatures between 54° C. and 102°,C. Callendar 2 found 
a slight fall in the conductivity of cast iron from 0-114 to 0-112. Experiments on 
the thermal conductivity of cast iron are described in the Physical Review , Mamli, 
1922. It is stated that, between 197° C. and 545° C:> the thermal conductivity rose 
from 0-0718 to 0-2050. It must be remarked, however, that the value at 197° C. 
appears to be very low, and the variation over the range of temperature large. 

Such then are some of the difficulties which beset the designer who wishes to 
obtain figures for heat transfer in the complex process imder review. These 
difficulties are intensified when the heat transmission through the mass of coal 
itself is considered. The transmission may, and is indeed likely to vary widely, 
according ter the size of coal, the grading of size of coal, the behaviour of fcoal on 
carbonisation, whether the conditions and character bf the cor l tend to the f^niation 
of sticky mass*. s, foaming, etc. ; and, although a certain amount is known about 
the heat transmission at higii temperatures, much further experience and scientific 
investigation is yet required of 'the phenomena of overall heat transmission?' at the 
tenj£ Matures •usually proposed for low temperature '‘arbonisation. 

r C. CHARGING AND, DISCHARGING 

Of the many difficulties whi^h beset the earlier w;ojrkers in low temperature 
carbonisation and w^ich in many cases are by no means yet overcome, ‘the easy 
chargiAg a^d discharging of the retort is one oi the most important. In the case 
of the coqls* of low r coking power the material may be passed wuth ease thruugh * 
Inany forfnn of retort. Ip this case, howevei, another 'difficulty usually presents 
itself, in that the^oke is generally in the form of oreeze, owing to the lack of proper 
cohesion, whicji, while making for easy retorting, does not endow the coke with 
auffiesent strength to* vilest and the pressures and. blow T s associated with its ,move- # 

r 1 Jaeger and Diesselhorat. JVisscnsckaftl. A bhazjll, phys*-iedi. Reichsand, 1900, 3J26C. 

2 Calendar. Phil. Mag., 1899, (v), 48 , 519. 
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ments both in the retort and jn the dischhrgipg operation . , Even in cases where 
the pieces 91 cokc'^re of the same form aud size as the f corresponding pieces of 
coal charged, the c^ke does not usually possess sufficient strength to form a 
marketable produC:* without further treatment, such as faiquetting, with a small 
amount of pitch. Tills fact is well established b^the experience of Sir George Beilby 
with the Maryhill retort, already described on page fm . , 

It will be seen also ftom the parallel experience of tlfe Scottish shale oil industry, 
that there is no partic^ar difficulty in pas^ng a non-caking material through a 
retort of simple character ; and it is significant to note that inquiry into the results 
presented by some enthusiastic inventors when first bringing their appliances 
before the public, slunf that* they frequently base their claims upon tests executed 
on shales or non-caking coals. Little is said as to the results when a wider 
variety of coals is utilised. 

The difficulties in, working associated with caking coals usually resolve them- 
s^es into two forms : firstly, the trouble caused by the passing of the coal # through 

* a fusible stage, with the resultant agglomeration of the material into pasty masses, 
tending to adhere to th^surroundingf retort walls, and secondly, the elfects due to 
the so-called expansion of the coal on carbonisation. It has already been pointed 
out that this expansion or increase in bulk of the carbonised mass is due to the 
size of the bubbles which are blown in the fused material by the gas given oil by 
its decomposition. The effect of treatment on the formation of different types 
of Rubble structure is a matter about -which further experimental work is desirable. 
The subject is of fundamental importance in many branches of the Carbonisation 

, industries, affecting makers of blast-furnace coke find others with whom we are • 
not concerned in the present volume.’ It is, however, evident thit the fusibility 
of a coal may affect, a retorting plant in tw<T ways, the first difficulty is that the 
werkifig parts become clogged and gtimmed up, alter which* when cokiq" is com- 
plete, the whole apparatus is*reduce^ to much the same tfate as ti' "piece ot^Jrro " 
concrete, the coke representing the concrete, and the wormJ or other metifi worknffg* 

* p^jjjts^SMie retort, tSe iron reinforcement. The" advocates *of methods utilising 
worms apparently held thp opiiyon at first that all toat^was necessaty in otder to 
feed a fasty mass through a tube was Sufficient power together witii a sufficient 
strength in the working parts. ^Unfortunately, owing to the sutycqu&vtn foking 

► of 4 he plastic mass, *this did not \ork in practice, and plants withnsfich devices 
frequently stopped comf>\etely after* wofking for a tfe^* hours. # 

The *other difficulty associated with attempts to* carUbnise, a caking coal is 
exemplified 'by the earlier Experiences with the Parker process. Here coal was 
carbjyiised in a retort bench consisting of vertical iroirtubcs^ated from the e^erio*. 

* The “^xyansion ” of the carbonised mass caused tfie«ma!erjal to weflgt* itself firmly 
against tft# vJMls of the tufces an(f%ue1i labour hacl to»bc exe_rted before sucS 
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retorts could be discharged. Replacing the tubes with others having a greater 
taper only results in snghtly easing the process of discharge, but dbes not solve 
the difficulty. A number of expensive failures in the past q£ay be meed to this 
cause. Indeed, cases a^e known where actual rupture of th6«:«etort walls and the 
consequent wrecking of the plant Have occurred. ^ ® 

It will be well at this fctftge to pass in review some of the methods which have 
bfeen Suggested from time td time for overcoming the two ij Opes of difficulty, which 
are closely .interrelated, although fo.^ purposes of convenience each are considered 
separately. * f 

In the type of retort in which a screw conveyor is used to propel the carbonising 
mass through a metal tube, acting as the retort propef, the difficutajPfirst mentioned 
appears. As long as non-caking coals are used, the material progresses as the screw 
is rotated. When caking coals are used, however, there is a ^one of temperature 
during which the material gets into a more or less pasty condition, and tends to 
stick to the screw thread. If this should happen, the material rotates with^ffie 
thread, and does not progress along the retort . in consequence tlie material 
between that point and the point of entry is held up. Rirtliermore, the resulting 
increase in the frictional resistances requires an augmented power to keep the 
conveyor rotating. 

Various scraping devices have been suggested to obviate this difficulty, of which 
a double screw is perhaps the most typical. In this case, the screws have the same 
hand and equal pitches, but rotate at the same speed. On a closer examination, 
however, it hs found that two screws under these conditions do not have 'a true 
scraping action. Since each thread must contain 1 an amount of material Which 
will ensure an^appreciable throughput for 'the retort, there must be a relatively 
large difference between the diametefs of the screw at the cres^ and root of the 
thread. That is to say, the thread angle ttt the crest is considerably less than 
the*^Bread £rtgle at , the root. Although it would appear, from a cross- 
motion drawn with the two threads in this position, that intimate contact occurs 
throughout the thread faces, fW’screws could notube placed in this petition on 
account of the interference o& one thread with anqther in the planes adjoining the 
axial plane. ' A double thread is therefore no solution to this particular problem, 
since athe^pasty mass would eventually stick tofboth screws, ,and the throughput 
still be heMfiip. 

„ It should be noticed in p^ssmg that, in the Marshall riSaston process described 
on page 227, in ^vhich a double conveyor of this type is utilised, a claim for a 
scraping action is not made byrt-he inventors. In this case the screws are utilised 
Jo control £he speed o^the material through the retort, and the claim is made that 
highly bituminous coaHn the sticky stage will be wiped forwards and downwards 
by the relative motion if the screws.' ^ ‘ * . " * 
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Before leaving the subject of foaming afnd expansion of fpsible coals, it will be 
of interest to draw attention to a method for overcoming this suggested by Mr. 
Harold Hirfl, 1 in which an attempt is made to^reduce th? size of the bubble struc- 
ture tyy inserting a 'fditably shaped bar dowrf the centre oi the charge in an inter- 
mittently worked vertical retort. This* baj is* kept 'in* slow rotation during the 
carbonisation period. The idea underlying Mr. Hircfs invention is one fthich is 
well recognised, viz. tile dosirability of providing a ^ree outlet for the gases %s 
soon as they are formedremd at the same timefot preventing their coming in contact 
wiih highly heated sur\ces* or of their passing through zones of temperature 
higher than those at which they were formed. As the rod rotates in the centre of 
the coal, it ensuies thal; a loose core is provided, through which the gases can pass 
with ease. As carbonisation proceeds, this loose core us gradually developed into 
a hoik bg the j)ressii^g down of the loose material into the surrounding coal substance. 
Since carbonisation proceeds from the outside towards the centre, the sticky 
a?hhilus, in which the bubbles develop, moves gradually inwards in any % form of 

* externally heated intermittent 'apparatus. If the gases developed in the sticky 

annulus are not removed rapidly tlft structure will tend to be loose and open ; 
that is to say, unless external pressure is placed on the coal, or an inert material 
provided, such as a non-coking coal or coke, in order to absorb the excess of the 
binding material. In the method mentioned it is possible that a much easier path 
for the escape of the gas from the fused zone will be provided than is the case with 
majiy other devices which have from time to time been suggested or tried with 
the same object, • 

JT method of providing a mechanical feed throi^h a horizontal tubular retort • 
which appears to be promising if tliht of breaking tl^ screw tlfcad up into a 
series of paddle, ^as, is done in the first stage of the*Carbocoai process, described 
oiu page 210. Here agglomeration irfto unmanageable blocks is # pre veiled by the 
motion of the paddles, while ^continf^ous movement of tlie.materiaMn the lOUfrard 
direction is induced by the angle to%which the blade is setl In tlie Burrtcy retort • 
*a aplic^&rew is provided, in 'irder to urge the }n!?terial in tlfe forwird direction, 
\diile a series of scrapers % whicjji taken together form what might b« termed ihe # 
skeletorfof a screw, are arranged to keejf the mam screw clea*i*and pfcjvenfc undue 
agglomeration. • 1 * % 

• Other modifications of this principle are exemplified iit the Fre#ilian retort. 
Here we have a successfo* of heated arfhular shells ^set one above th^V)ther in ^ 
cylindrical vertical column. To dny one shelf « feed pf coAl is provided either at 
the outside br inside of th^f annulus, according to* its position in the series. The 
matejjjal -undergoing (Jirbonisatipn is caused to travel fh a ^irculaf dir^ctioi^ by ^ 
series <}jf rotating scrapers. T^ese scrapers are set rft a slight ahglc, {to*tjiat a raaial 

1 Hird, Hirold I^Pat. ?pec. No. 184,525 (1&%2). 
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component is given t^o the approximately circular, path. In this way the coal is 
gradually fed from one circumference of the annular shelf to the ‘Other ajid then falls 
to the next shelf in the seizes. 

In the Fusion retort we find a" horizontal tube which rotates. The material 
to be carbonised is fed into one er*d qf the tube and extracted at the other. - The 
retort ift horizontal, and tHe’ feeding principle depends purely upon the tumbling 
action of the cod due to th£ rotation. When feasible coals ape used, an' arrangement 
’ of star or cruciform bars is inserted . t These bars, as the ,*Gtorts revolve, will turn 
over, and it is claimed that the chipping action caused by the bars as they fall into 
contact with the retort shell, is quite sufficient to prevent the coal from permanently 
adhering to the wall. H J { ’ 

The retorts discussed ajVove are all of the type in which heat is passed into the 
material through the wall. In the internally heated “ Sensible Heat ” (Nielsen) 
retort, described on page 231, it will be seen that it is possible to use a coking coal, 
and that this coal passes along without any apparent difficulty, although agglomuta- 
tion of the carbonised mass undoubtedly takes pUce, since a large proportion of 
the smokeless fuel, produced from a highly fusible coal, is of a size much greater 
than the slack from which it was made, besides being dense and fairly hard. The 
product also presents the appearance of having been balled^ip and rolled, in much 
the same way as a baker rolls a loaf of bread. The inventor attributes the freedom 
of the retort from agglomeration and accumulation on the walls to the dry dust 
which is passed in along with the hot producer gas used for carbonisation. It is, 
of course, possible that this dust acts in the same way as the dusting of flour, which 
< prevents the dough from adhering to the pasteboard in the ^malogy quoted above. 

Let us nowVtum to tb ( e other as r pect of * the question, viz. that concerning the 
so-called expansion of the finished product. This difficulty manifests itself in the 
most serious form in those types of retort in which enclosed, or partially enclosed, 
chambers are* completely filled with the coal to** be carbonised. It must be 
; rwlifembeied thdt some pressure during the plastic stage is of advantage, since it 
tends to the reduction in size op the bubble structure, and If provision isa/Hade for» 
*the ea~y release of the product, it is likely to be denser and harder than if it were 
given compete freedom Ho expand during the critical period. In the Barnsley 
retbrts,. described on° page 206, this end is accomplished by the provision of the 
collapsible fplates which run down the centre; of the retort. In the Pringle and 
Richards tetort, which is of -thei type wheiv* a ^series of moulds is arranged along a 
conveyor, tKe latter pu?se f s .through the heated zone of the retort. With fusible 
coals, if the mould merely consisted of boxes atta*ched^o a chain, very little of the 
£oke madq wodld be discharged from the boxes, even when they are completely 
inverted ; pi fact, it a is *eltremely doubtful whether any of the blocks would fall* 
'out. Richards overcomes the difficulty hf .king tne moulds as*a part of the 

4 t 
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chain itself. As each block of (joke passes <in its mould ov«r the sprocket wheel at 

the dischar^end of the conveyor, the sides of the mould, wnich are roughly at right 
angles to the direction of motion, alter their relative afigle to one another, with 
the result that the %»rbonised block of coke iff treed, and fajls into the coke hopper. 
The methods discussed above are all typical of tfcose in wiiich the so-called “ expan- 
sion ” is allowed to take place, and mechanism introduced in order to set •free the 
resultant product. It tias ajready ^een shown that tLfc expansion# of coke may t>e 
reduced to zero by blending in suitable qualities a strongly swelling t with a non- * 
coking or contracting co.^. Blending has been used for a great many years in the 
carbonising industries, particularly ffi coke oven practice. In the coke cakes made 
at B.M. Fuel Itesearojy Stat^bn’s experimental setting, described on page 219, the 
mixture is adjusted so that there is a slight contagion when carbonisation is 
complete. 

The Taborhtory syssay method of Gray and King, developed at the Fuel Research 
Station, 1 provides a nfleans for determining the most suitable proportions to give 
■ the desired ’result, a complete parallel having now been established between the 
assay and the large-scald working. This method of reducing the size of the bubble 
structure by blending is likely to bulk largely in any future carbonisation, since, if 
suitable coals are readily available, it provides a complete solution to one of the 
obstacles which baulked the* earlier investigators, and renders it possible to utilise 
retorts of a much simpler form, and which are consequently cheaper in capital 
cost, upkeep and labour. A similar purpose may be effected by partial oxidation 
or by the pre-heat treatment process of Illingworth, which modifies thejswelling ten- 
denty of^a coking cofj. All these methods have their utility, but the process of 
blending, provided always that both* types hf coal arj availably presents con- 
siderable advantages from the national pobri of view®, smee it genders available a 
method for treating non-coking coals* which often contain a toiisidcrabje quantity 
of valuable oil-forming constituents.* Blending also offerj. attractions to*w£iery 
owners, who sometimes find difficulty *in disposing of non-qpking slacks and sirfoils % 
•at^tlfe^than very lo w* prices. t 

D. • DESIGN OF ‘COMBUSTION CHAMBEif AX't) HBATING 
. ARRANGEMENTS 

The apparatus for bjirning the ruel # used in heating the setting a detail 
of the ujmost importance* in promising the economy* a*id the efficient* forking o! 
externally hgated retorts. Jarioys types of fu?ls,are Available, ranging from solid, 
liquid, to gaseous. Of these the last-named, howev^r^ presents iyore advantages 

' ^uel Research Board. Tech. Pa*per No. 1 : “ The Assay of ^'Carbonisation Purptfces : 
a new Labcfratoni Method.” Th^ Gray, and Jas* <5. King, F.I.C., A^R.T.C. (H.M,. 

Stationery cTflceT , * * * 
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than cither of the othe^ ^vvo. With a gas fuel the utjnost flexibility can be obtained, 
and since the development of high temperatures us 1 unnecessary use can be made 
of a fuel of low calorific $alue, which can be cheaply obtained For ’this reason 
producer gas is undoubtedly likely to be the fuel utilised iir^ihe new industry if 
and when it becomes established. In the past use has often boon made of the -high 
calorific gas produced, front the carbonisation process, but this is to be strongly 
deprecated. As we have already seen, this gas has intrinsically valuable qualities, 
"and its sale under suitable conditions forms one of the least Speculative assets of the 
process. Producer gas of satisfactory^ quality can be mdde from low-grade sojid 
fuel, and indeed this is an economical method fbr utilising" some of the breeze which 
will certainly be produced even in a well-designed plant. « _• r 

Although a full consideration of the various methods whereby the potential 
heat of the fuel gas can be developed and transferred to the walls of the retort is 
beyond the scope of this volume, it is felt that a short discussion of the problem will 
be of advantage. - ' 

The producer itself may be one of many well-'known types and need not be 
described. For information relating to the* construction and method of working 
of producers the reader is referred to any standard book on the subject. 

In some of the experimental plants for low temperature carbonisation which have 
been built or devised the design of the combustion chafhbers has been imduly com- 
plex and consequently expensive. In the simple case of a retort designed to heat 
the coal up to a temperature of 000° C. it is, .generally speaking, quite unnecessary 
to provide a succession of heating chambers, each under separate control, snich as 
is sometimes found desirable in high temperature practice. - In the Scottish male 
industry the combustion chambers for* oil distillation are of the simplest description, 
often consisting of one large 1 chamber' completely surrounding the retort, the gas 
being burnfd at the bottom of tire chamber. Such a method has been adopted with 
grea«; success in various types of low temperature beating furnaces at H.M. Fuel 
Research (Station*. Ever with retorts of considerable height a very uniform tempera- 
ture can be obtained from top it) bottom. The cardinal principle which.atfmst be » 
c observ^d is to give the gas sufficient room lo burn without impinging upon tue 
metal of the Retort.* If tile burning gas be made to travel upwards or downwards 
aloflgAhe c liter wall oi the setting, the heat transfer to the retort itself will take place 
partly by filiation from the wall and partly by convection* currents of hot j*as. 
7he combustion gas is supplied to the setting through duct* in the brickwork, suit- 
able openings being piovftieit above which combustion takes place. Tie air is 
supplied through separate ductf}bnd openings, aftd if-Shese are judiciously spaced 
with regard to the gas burrferl or openings the result is a quiet burning within the 
combustion gh&mberitself* giving the conditions which tend to a uniform tempera- : 
fore at all points in the chaftiber. The Ur^uj^nings must be capaWo <nl accurate 
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adjustment so that excess air may be reduced ty) a minimi and the temperature 
distribution jkpt under careful control. 

In certain plant^ the gas has been burned in burners of^he bunsen type, in which, 
as usual, the yelocfty # of the entering gas is nitide to induce jts own primary supply 
of aii^ arrangements -being made to supply ^he Secondary air as required. Such a 
method is absolutely unnecessary to effect the purpbse ^esired. Indeed it is 
t to be strongly deprecated, 4 s it tepds to localise excessively high temperiaturSs 
and is also liable to givfi trouble through lighting back if the gas supply ts not 
unifcrm. t K * % * 

It is difficult to give exad/ rules fdl the method which is here advocated, bu the 
following two eihmplej\uf heating by this means are capable of modification to suit 
any particular case and may prove a useful guide to dcsfgners. 

In* Fig. 53 are shown the heating arrangements for the set of cast iron continuous 
vertical fttorfs designed for tow temperature carbonisation of briquettes or certain 
tj^£ of coal at II.M. Fuel Research Statioji. The retorts are rectangular in shape 
• with comers’of large radius. At the lower end they are 2 ft. 9 in. by 1 ft. 3 in., 
tapering to 2 ft. 4 in. by 4) in. at the t*>p. They are connected to a standard Glover- 
Wcst extractor gear by the specially shaped connecting pieces shown. The four 
retorts arc at present fed from a single hopper into which there is one opening at 
the centre ; the gas leaves each retort through an off-take pipe just below the 
hopper. 

These retorts are set in a single heating chamber of which the brickwork is about 
1 ft. 10? in. in thickness, the inner 9 in. being of firebrick. As shown in the figure, 
the Mating arrangement consists of four burners to caclrtetort. The burners are < 
placed in the corners of a rectangular sj&co surfounding tl^e base of $e retort. The 
corners of this recHngle, where they are not formed by tfie actual corners of the main 
chamber, are built of brickwork, wliirh extends horizontally hito the <^mber for 
a distance of 9 in., and vertical^ for a •distance of 10 ft. 6 ijp above* the flooT ofHhe 
chamber. It is of great importance 1 -hat the burners should be placed m close to 
tcacficSteif as possible. *’ If placed further out the*tuffdency is for the flames to leave 
t tie brickwork and impinge on the metal walls of t the retort. Th$ air Ripply 
for the netting is placed^ in a position *nidwa/ between! ih* Virioif gas inlets. 

As a result of a sejics of experiments made on sucli heattog arrangojmyii 8 *it 
,was fpund that in thb way the flakes could be made to travel upv^fds in the 
corners without any considerable amount of eddjjinpfc and without- calling local # 
overheating. # 

The space*surrounding th** hoppers is separate fityn that surrounding the retorts. 

A portion.of the flue gases can, if necessary, be made tc/tra verse ^his s^ace in order to^ 
Supplya controlled amount of Jieat to the hopper and sp rc4oV<* , some<>t$nc sensible 
heat of l;hn t prGdiicts of combpstior^ An?ple provi^ioi! has>*been made for placing® 



258 


LOW TEMPERATIJRE CARBONISATION 


thermo-couples in v^ripus parts of the heating chamber. Those actually in use 
for experimental purposes are shown in the diagram, being numbere£ f l to 8. 

Table XLVII shows & series of determinations of temperature given by these 
thermo-couples with tin retorts carbonising coal of comparatively low coking index 
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and with^he retorts filled with gas coke, the discharge arrangements being stopped in 
the second case. ’ It will be keen that the first case gives therefore the temperatures 
obtained in continuous working, whilst the second corresponds to tjhe case of an 
intermittently ^working retoro In the first case the maximum temperature of 606° C. 
is°rehched 3 ^t the loWr efld, whilst at the flue at the top of the setting the tempera* 
* ture is only about 20° lower* In the caar ^intermittent working tbo general distri- 
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bution of temperature is not so’ijmform as In the first exam|le, but on the north side 
the temperature of the metal atftjje bottom is only 21° higher r than the temperature 
of the gas at the top of the setting, whilsf on the south side the temperature of the 
metal is 38° above ‘temperature of the gas in the outlet fii^. Such differences are 
not serious and coul^. be considerably rpduced*by slight modification in the dis- 
tribution of the gas supply. • • 

The same* principled also illustrated in the heat fig of the horizontal retoft 
setting described on page 220. In this cale^he gas and air are admitted through • 
separate jiostril blocks inthe arch of the largtf heating chamber sunounding the 
retorts. The combustion (n^he gas is^ompleled under the arch, which is maintained 
at ajtemperatim considerably above 600° C. The arch adiates heat into the crown 
of the retorts and into the heating chamber, which is maintained thereby at a very 
uniform temperature throughout. Combustion is completed before the waste gases 
reach thtfretcrtt so that the temperature of the metal is maintained with a minimum 
jtion on the steef. /The flue gases are led between the retorts to the floor of the 
. setting and pass away by flues in the floor to short chimneys. 

In this setting, with t.|je exception e£ a slight fall in the temperature of the metal 
towards the front due to the heat drain caused by the doors of the retort, "no difficulty 
has been experienced during long periods of working in maintaining an exceedingly 
uniform temperature within *the carbonising chambers. The actual temperatures 
obtained in experimental working are given on page 25 of the Second Section of the 

Report of the Fuel Research Board for. the years 1920-21. 

» 

Tabug X^VII. Temperatures in Combustion C^ame^r cfc Vertical Retort 
at H.M. Fuel 'Research Station 
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E. Si^ARATIOfr OF TAR| AND LIQUOR t 

An, important point m connexion with a low temperature installation lies in 
the difficulty which is Sometimes experienced in the separatfcft of pd and liquor. 
In gasworks and coke o^ens no particular troubles are assorted with this** since 
the tar has a specific^.gravifo sufficiently in excess of unity to ensure ready settling 
in the collecting tanks. With low temperature tar ob oils, ^ on the oflier hand, we ( 
have a material whose weight per unit volume is sometimes very little greater and some- 
times even ldss than water. In manyq^nts separation's <ufdy ejected with difficulty. 

In the tar made at H.M. Fuel Research Station, a^arge quantity of emulsified 
oil and liquor was found in the oil drawn from the collecting fhnks and seals. 
Separation of the liquor, was, however, effected by passing the oil through a 
filter press, in order to extract the finely divided particles ydiich tend to«cause 
emulsification. After a further settling period of 48 Pours tpe water content was 
reduce^ to below 3 per cent, and on further settling was deduced to below > jJBr 
cent. * 

F. INTERNAL ' HEATINtf 

We will now consider some of the troubles associated with the internal heating 
of retorts with hot gases. Many types have from fame to time been suggested, 
and there are at least three which at the present time are attracting considerable 
attention. The advantages associated with this method of heating have already 
been referred to. With due care in the design of the apparatus, a uniform heat 
can be supplied practicftdy simultaneously over tke whole,of any one sjpne #f the 
apparatus, ^e are not therefore 'dependent upon a rise of temperature which 
passes slowly fro^i the exterior to tiie interior, and which so §eriously limits the 
bulk of co^l which can be deak; with. Instead, it ft possible*to provide — m in the 
Marclatfrin apparatus— a producer whose maximum diameter is 8 feet, with the 
accompanying* advantages of large unit pftnt and the resulting saving in labour 
costfa The^one defect of the process is the large juantit^ of gas whiefy. hffs to b<* 
dealt^with ^instead of 3.000^-4,000 cubic feet person of rich gas, as much as 
cubic feet V gas I%ay vk available, having a calorific villue of say 230 BTh.U. It 
h&s^Jre^dy been pointed out that the condensing and scrubbing plant has to be of 
sufficient ^e to cop® with the increased volu^ie, and also the well-known difficulty # 
of scrubbing, and if nece^sai^ stripping a strongly diluted gas, makes for an 
increased size of J)lant. A^ain it i|} necessary io*j?rovidc a market for thedow-grade 
gas produced, wPich is much lgfcs likely to appeejl to gas undertakmgsdhan. is one of 
900 B.TljjU. ^r cqb ic focd;,%his being of undoubted value fnr enrichment purposes. 
‘Theie is algc^no opoiifi^f for the absorption of tlie low-grade gas as a fuel^s for 
heating the retorts tHpmseiveg, as ean Jb^£w|e, if*jc'cessary, in softie, ot flie other 
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processes. It would be necessaty, therefore, to*create a dtfnpd for this low-grade 

gas in the n*tor neighbourhood "o< the plant. In spite, however, of the disabilities 
indicated, the method is a very attractive one, and in ttfe authors’ opinion jretorts 
of this type are lik&jr'to take a prominent place in a low tetiperature carbonisation 
industry of the future . m *• * 

An interesting development has already been mentidhed ydiich is taking ^)lace in 
Glasgow, where a five-Aiit battery ot Maclaurin retorttris to be erected at Dalmat- 
nock with* a view to the production of solid sigpkeless fuel. In this case Jhe problem * 
of the proper utilisation the gas has been, tfotved by using it for bbilers for the 
Electricity Department. * 

The supply^by Ga^ •Companies of a separate gas for power purposes has often 
been suggested, and is indeed foreshadowed, in the Fuel Research Board’s report 
on Gas Standards. 1 # Should this ever come about, an undoubted impetus would 
be afforded to the lqw temperature carbonisation by internal heating, which would 
Shpfly an additional fnducement to gas undertakings adopting* to som^ extent, 
a low temperature process, aifcl so bringing the time nearer when such under- 
takings become universal suppliers *<3f fuel as differentiated from their present 
outlook as suppliers of gas only as their main product, with the coke and tar as 
valuable by-products. 

G. CARBONISATION IN SIMPLE VERTICAL RETORTS 

*Thosimplicity of a vertical Scottish shale retqjt has often led to the suggestion 
thattfarbonisation of bituminous coal might quite wel] be£*9rri<?d out in an apparatus 
of this type. The ^problems presented are mainly those already oonside^d, and 
\yhich are associated with difficult^ in ensuring contimufus working, owing to the 
fusing $nd swcllftig \fp of the materia^ A partial solution is presented by blending 
or ’pre-heat treatment, but unless the # retorts are reduced to the narrowest? dimen- 
sions, there will still be difficulty owing to the slowness with which he^t can be 
madfrto travel through the coal. The series oj experiments^ already referred to 2 
#n the carbonisation of coal in Glover West gas retorts proved thafht was quite i 
feasible to produce a good^mok&less fuel* with ayequ&te -xcovefy of o^l andfjfas in 
such an apparatus. Troubles were, however, found in the tendency under certain 
conditions for coal to. make its wify through the centre core* and Uf arrive* al the 
discharge end of the retort in a partfcill^ carbonised condition. Some ffihgrovement 
was effected by subjecting the* cMtrge to a light, fctc,mipg process? The total 1 
volume of gas and vapour # was increased thereby wilh the res Tilt that a better 

1 Fuel Research Board Report to tlie Board of Trade on “ .‘las Standards.” ^(CrodL108). (H.M. 
Stati&nftry Office.) * * • C 

8 Fuel Research Board. TecIyP^per No. 7 : “ Preliminary Experiments in thefLtfw Temperature 
Carbonisatie»%of'Coal in Vortical Rjt orts.’^^fflH^ Stationery v OfHfce.) * • 
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circulation of gas w^s (secured within 'the retort/ with a consequently improved 
distribution in the temperature conditions. < r / , 

If >ve consider for a moment the case of the carbonisation of shale, we have a 
material which can be ^ed into the retorts in pieces of a faifostae, which does not 
tend to stick together on heating, and m which the spent shal* leaves the apparatus 
in the slime form as it entered, so far as the shape and size of the lump are concerned, 
besides having uo tendency to agglomerate into unwieldy Inasscs, the free convec- 
tion which ^-an be set up in such an epen mass of material considerably increases 
the speed at 1 which heat can be driven inwards to the centre of the chauge. The 
result is that the time of carbonisation is t rcduced,/4ind greater uniformity of 
carbonisation is secured. With a non-coking coal of suitable^ize,<3ifcoilar conditions 
present themselves, and iflt>y any process of treatment it is possible to convert a 
fusible bituminous coal into a material having the properties, of shale enumerated 
above, many of the difficulties associated with retorting such -a material will have 
been overcome. Several groups of workers are now engaged on experimental wojffe 
in this direction. The Sutcliffe and Evans process already described is typical of • 
the method. A mixture of swelling and non-swelling coal* or of a swelling coal and 
coke, is ground finely and briquetted cold, using a pressure of about 10 tons per 
square inch. With certain coals a robust briquette can be obtained which is 
sufficiently strong to withstand the subsequent treatment without the development 
of an undue amount of fines and breeze. The strength of the uncarbonised briquettes 
appears to depend to a considerable extent ’ upon the degree of fineness to winch 
the raw material is ground, and in an attempt to overcome the necessity Tor fine 
' grinding and high briquetting pressures, the Fuel Research Poard are experimenting 
with a fhethod r n which coal, w r hich Has merely been passed through a disintegrator, 
is heated to a temperature r just short of the softening point. #At this stage the 
material is-^riqut^tefl at a pressure of about* 2 tons per square inch, and then fed 
to the vertical ^ast iron retorts shown in Fit}. 53, T .?hen carbonisation is effected at 
a temperature of about' 600° C. 

Another paethodfor effecting .the same purpose is to briquette a dismtegi^ted > 

( coal suitable composition, ;with pitch, or other, suitable binder, a proportion oi 
the pitch Hung subsequently recovered’ in the retorting process. This 1 method 
has been < adopted in the process devised by Fisher and developed by the Midland 
• Coal Proffitts, Ltd., described on page 214. T*he question ci pre-briquetting with « 
.subsequent, carbonisation is one bristling tfith interesting possibilities, the work of 
Sutcliffe and Eyans having shown that it is possible to produce certain Vnodifica- 
tions in the properties of co^es/which are likely to Iffive considerable bearing on 
^lastjfurnqce pfactke. € * 4 r * 9 

*The method developed by the Fuel Research Board of producing coke cakes* 
l by the carbonising of p suitable mitfturd^oT* c thing pud non-coking ‘£ods in trays, 
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although originally developed Vitirely with a view to ob^pining accurate data as 
to the yiel4p%and products, prints certain possibilities^ even in the commercial 
direction. The products are satisfactory, and can be* produced in the quality 
required without Va$te or undue deterioration in the p*>eess. The retorts are 
robust, easily workeij, and are likely to .have Along life* if properly worked. The 
disadvantage of the station setting lies in the labour cost, which is sufficiently 
high to put the setting^as at present* designed out of cdirt for commercial purpose 
in this country. In countries, however, wjpre labour is cheap and^good prices 
cai^ be cjbtained ioH the smokeless fuel and oils* produced, the systems worthy of 
serious consideration. IfVi satisfactory method for the mechanical charging and 
discharging of the tra^p canoe developed, the method might have some application 
in Great Britain. The difficulty associated with such ^development of the station 
setting is the comparatively complicated nature of the apparatus required. As 
far as cSn b£ foreseen, the Capital cost would be heavy, and the present investiga- 
tion at H.M. Fuel Research Station are l^ing pursued in directions which appear 
at the moiribnt to be more promising. 

A development of the method of»oarbonisation in trays formed the subject o£ 
experiments at the Fuel Research Station, with the retort described on page 221, 
where the trays of crushed coal are superimposed one above the other in a series 
of shelves which could be Raised or lowered inside an iron retort. These shelves 
were brought in turn in front of the charging and discharging opening, where they 
^gre removed, emptied and discharged by suitable machinery. A large quantity 
of good coke w r as made in this way, but the throughputs obtained were not such 
as ^ere ^ikely to p ( ro^ profitable in view of the spmeVhat Elaborate mechanical 
arrangements necossary. ' 

• The method 0 i superimposed trays has been adoptee? by Scptt-Moncrieff in the 
apparatus described on page* 230. Here the change is removed bodjly from the 
retorts when carbonisation i^compieted, and cooled in ja cooling* chancflber r use 
being made of the waste-heat of cooling. , A very satisfactory smokeless fuel has 
1 beep obtained, but thS plant ^has not as yet byefc worked for a sufficiently long 
^period to demonstrate whether a cominercial success jias J^een obtained. 
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THE ECONOMICS Of LOW TEMPERATURE 
CAltBONISATipN 

INTRODUCTORY 

A complete statement of the .'economics of low temperature carbonisation is 
very difficult at present, v The matter has been before the public for a con- 
siderable time ; , but "instead of the compilation of a yrealtk of reliable data from 
r which balance sheets might be computed, we find a mass of conflicting figures, 
many of which are fundamentally ‘unsound. So much prejudice has beefy aroqsed 
by the wild statements which have been issued from ti#ie to time, and which close 
analyses have revealed to be without foimdation, tiWfc it may be Saaid that tj?.ese 
have had the result of hantpering instead of assisting the prospect of establishing 
an industry capable of carbonising the tens of millions of tons of coal at present 
consumed in the raw state. Until recently no accurate data of yields froth typical 
coals were generally available, with th$ result that erroneous figures, which yefc 
originally determined only by a few rough laboratory experiments, have been • 
repeated again and again until the reader has become liafije to accept these state- 
ments as accurate from sheer force of reiteration. 

The establishment of a method of low temperature assay now enables the 
technician to determine accurately within a few hours the quantity and character 
of the products to be expected from the carbonisation of any given material. It 
is now possible to reject many figures quoted in the past which have exaggerated 
the yields of the more valuable products by so much as 150 per cent. Some of 
these figures carry with tlk rn their own refutation, a? for example the series in Wnich 
a fractionation* of ^ low temperature oil w r as made to yield in motor spirit, kerosene 
and Diesel oil the fpll quantity of the* original oil, leaving entirely unaccounted for 
the losses on fractionating and dso the pitch -and other residues. Again, ta* yields 
have* frequently^been measured as wet tar, thus exaggerating the true yields by the 
amounts of water present. In the estimates now submitted, which are framed 
on an assumption of^the carbonisation of the whok of the 'domestic coal, ^ i\not J 
,oafe to take ipore than, s^y, 15 gallons per ton on the average. 

( ^STIMVrES OF TftE ASSETS OF THE PROCESS 

It^as'bedn pointed out that the problem ‘of low temperature carbonisation 
must be efJamined from two t standpoints :*» thb technical *nd the economic. The 
clata for the soluti6n o{ the latter wjll only be obtained after the technical solution 
has been reached. In other w«rds, until a faip-sized industrial plant has been 
operated continuously over a Jong period, manufacturing and disposing of all the 
products of 'carbonisation under-steady market conditions, no one can say whether < 
9r not the business will^be aw profitable orwr- AJthGugn this stage doos^iot appear 

t ' 204 
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to have been reached, an attempt will be mad<$ to draw up tentative balance sheets. 
In order ty* do this, assumptions will be made which|can be modified if future * 
experience proveg them to be incorrect. # * . 

We are faced UYta outset by the uucerfamty of martfbt conditions, and by our 
lack*of knowledge to the prioe at which Jo temperature coke will appeal to the 
domestic fuel consumer. At the present time, the sfiiall ^qpantities of ftxel which 
havo from time to time been placed ujxm the market have commanded- prices 
which Were often much in excess of*those^f*coal, hut it must be borne in mini 
tl^it such prices are unlikely to be maintained when a fair supply* is obtainable, 
and it is necessary to fin^customefs other than those who are enthusiastic in their 
support of an^ cchenje which will tend to reduce the smoke evil in our large towns. 
It is iflso essential that the consumer shall have ampj£ assurance of being able to 
obtain at any time supplies of the fuel, which must also be of fairly constant quality. 
It has been # considqrjd in tlie past that it may be assumed that the price obtained 
% fo$the coke, as a higti-class domestic fuel* will be sufficient to meet the jgntire cost 
of the *coat used. It is not® desirable, however, to neglect the possibility that 
smokeless fuel may only command Vf price equivalent to that of raw coal, weight 
for weight. Since the yield of coke, per ton of coal, by straight low temperature 
carbonisation amounts on the average to about 14 cwt., it will be seen, therefore, 
that in the latter case the value of the liquid and gaseous products must be suffi- 
cient to yield a profit after paying the entire costs of retorting and the cost of about 
£ cwt. of the raw coal treated. Balance sheets, based on both assumptions, will be 
given from which it will be seen that a process, which might bo commercially sound 
if The pijce of the qok%is such As to pay the whole oithC' cost of the jaw coal treated ,• 
assumes a totally different aspect when the coke w^ll only*qpmmand a price 
equivalent to i*aw coal, weight for weight. } • 

Another difficulty, yvhich*lies in the way of drawing up evep a vyy speculative 
balance sheet, lies in the uncertainty as to the price which can b<* Obtained fbr the 
this. This product will always have^fo face competition with imported efils, and the% 
’ prjpe, therefore, in the absent of some measure 81 protection, is always dependent 
J upon factors outside the pontrpl of those interested % in )#w temperature c^ijponis# 
tion. 5 a this connexion, however, it liaft been />und that se'feral groups interested 
in low temperature carbonisation have experienced no difficulty in disposing of 
all^the oil produced<f.t a price of about Is. a gallon, and Mbs at a tiijje when fuel 
oil from foreign sources was available At a price m tke neighbourhoo(\(5 fourpenqp. 
It is therefore evident that, for specific purposes, ihc ctl haj special properties 
wbjch pro not possessed* b)Pnat|ral fuel oiijS. Iifvesjigation of the oils carried out 
by various workers ♦ has also aiown that special products# o£ fariojfl *tyges are 
avaifable, and it is likely ^that markets may be yeatec^ln the lu^ire for these 
materfafc# fa spite of this, Jiowewer, Sfch m&rketsafc noj likely to be — nor indeed 
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is it conceivable that t)ie$' should be,— in any way commensurate with the magni- 
tude of a smokeless fuel industry, if once it were firmly established. Tbq, inevitable 
drop in oil prices would then have to be faced, to those corresponding to the largest 
and only reliable market— that of fuel oils of various types, tin price of which is 
controlled in the main by foreign suppliers.* Since the subject /s dealt with in^his 
volume from the national poi^t of view, it is necessary to assume a price equivalent 
to that of crude fuel oil . In their recent computations-, the *Fuel Research Board 
have taken this as 5d. per gallon. % 

At this stage it may be mentioned th f at balance sheets of the 4 type under- discus- 
sion are frequently drawn up in terms of the fractional products, the prices of 
which are of course considerably in excess of those of the cru^e oil frcftn which tfoy 
were obtained. For the present purpose, however, it is not desirable to do so7 since 
this would involve the possible confusion between two distinct processes — those of 
retorting and refining of the crude oil — and complicating flic issue by the necessity to 
debit the posts of the latter. It is also unjustifiable to go so fbr, since carbonisation v 
must stand upon its own merits, without bringing to itfc aid the economics of another 
industry, possibly possessing an alternative source of supply for its raw material. 

The remaining asset is the rich gas, of which about thirty therms are likely to 
be available. The Fuel Research Board have always emphasised the valuable 
nature of this product, which has frequently been credited as being merely the 
fuel necessary for retorting. The Board also point out the value of such gas to the 
gas undertakings as an enriching agent for gas of low thermal value, in order tp 
help the undertakings to meet their obligations regarding the declared calorific 
f value of the ga^ they supply. The enriching value of this gas is increased by the 
large amounts of methane^ and saturated hydrocarbons, which, in the large-scale 
tests at H.M. Fuel Exarch Station, varied between 41 and 52-4 per cent, according 
to the character o( tfie particular coal or mixture of coals used. These hydro- 
carbons will n6t; condenfe or separate out, either ^.ring storage or distribute, 

• and on thdt account *prc 3ent advantages which are not possessed by some of tho 
other gases a^d vapours used for enriching purposes at tKe present time, ^ 
£as is<tyghly concentrated, when considered from the standpoint of thermal value, * 
and can accoidingly see stored in Velatively small holders and introduced at any 
momentcin4o tjie district supply system. The Fpel Research Board have taken a 
^pntative fi e»;e of 4d. ]5er therm as the value of the gas for tHs purpose. 

,, The only { other f by-prod^ic*^ is the sulphite j of ammonib, and it is frequently 
found that credits, are taken if or thi. which are hopelessly in excess of those likely 
to be realised. At the present tira'e it would be wlfj to*eave the value 6f this asset 
ei^irely out^of the- r&clqmm^ m thp consideration of externally heated processes, 
owing to the, uncertainly o? th£ market and the low prices obtainable. In any case, 1 
ah has already been pointed obtythe efuanfify likely to be produce^ is^rr&llf 

° i i*. r ' l 
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ESTIMATES 6F THE COSTS OF TH|f PROCESS 

Having now $mved at some basis for thejtems to entered to the ciedit side 
of tlje balance shec#;* the debit side remains to % be conside^d. 

The cost of the* material to be catbosised forms one of the principal items. 
Here it is necessary ^igain to lay stress upon a poi|t of •fundamental importance 
in the consideration of the subject, i.e^ whether the project i% for the moment 
under consideration from the national pqpit of view, or from the standpoint of 
some particular scheme of more local significance. An examination\)f the subject 
in the broadest sense reveals the fact that the price of the raw material is likely to 
be thfi same, generjjly speaking, as that obtainable when sold as domestic or 
induSfrial fuel. In other words, if the greatest ultimate benefit is to be obtained 
from low temperature carbonisation, it will be necessary to carbonise practically 
the whole of the coal at present used for domestic purposes. When, however, the 
subject is considered* in connexion with*the utilisation of slack and sciall coals, 
which at present are of the nature of waste products, it is possible to debit the fuel 
to the plant at a low»price. Especially would this be the case where — as might 
happen in many instances— the firm working the plant were the colliery company 
interested in the disposal of a comparatively low-priced product. If the carbonising 
plant were separately owned, however, the outlook might not be so favourable, 
since a multiplication of such plants would inevitably result in an increase in price 
#f the raw material, with the consequent transfer of some of the profits to the coal 
owner. The law of supply and demand would of coursq operate, and would tend 
to the e#tablishment af prices ’at which the infant carbonising industry could barel}* 
exist. Unless, however, a desigp of plant and a process cai#ie evolved which 
^vill be operate^ sufficiently, cheaply to enable the full ecoTKmiic cost of the raw 
material to be priced as a main procftict of a colliery company, and i^t as^one of its 
waste products, it will be im^ssiblt^to establish the nev^industrjron a scale com- 
Indurate with the needs of the nation as* a whole. 

. *Sir Qeorge Beilby 1 has estimated the coital expendkure required for the 
installation of plant capable o£ carbonising 35 mill.vn t%ns o£ coal # per sy^uim jft 
about 30 to 40 millions sterling. Taking the average of tlnfto figu*)s, the capital 
cost for each ton ?arbonised, par annum, would be of the order % of il.»£uch a 
figure would be appljpable to a fair^sized plant having a thfoughput say, 65,0^6 
tons per annum, and each of t^ic Jolkfwing estii^atgs js based # ou a pant of about 
this capacity. 

•The; enfire -pre-war cost of Carbonisation in* tin# Scottish shale industry was 
abpuj Is. 6d. per toti > includipj labour, maiijtenanc6 # and kie^for ljpatin^ 'Jhe 

• 4 • 

1 Bjilbv, {j^r George* Fuel fyitoblems of future, Inst^of Civil Engineers : James Forr^pt 
Lecture. - 1 
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modem equivalent of tfiib figure would lie about 3s. per ton, but in the following 

f estimates 4s. has been take^i for this item. e r 

« < 

TENTATIVE' BALANCE SHEETS 

f 

o # # t 

£)n the basis of the’ 1 estimates put forward in the two yecedine; paragraphs, 
balance sheets are submitted to indicate the financial 1 possibilities of the under- 
taking. Balance sheets No. 1 and Nn.H are drawn up on the assumption that the 
coke made pays for the whole of the cod used, t and that this coal can be delivered 
in bulk to the plant at 30s. per ton and 20s. per ton respectively. Balance sheets 
No. 2 and No. 4 correspond^, to the cases where the coke a t the* plant will only * 
command the price of raw coal, weight for weight. 


Balance S.neet No. 1 


Income 

Coke, 14 cwt. (i.e. 42s. 10d. £ a. d. 

per ton) . 1 10 0 

Oil, 15 gall. @ 5d. . 0 3 

Gas, 30 therms @ 4d. 10 0 


2 6 3 ' 


f f Expenditure £ 0 . <l 

Coal, 1 ton . . . 1 10 0 

Cost of carbonising (labour, 
maintenance and fuel for 
heating) ... 40 

Interest and depreciation, 
say 20 per cent . . 4 0 


1 18 0 


Balance : 8s. 3a. per ton of coal carbonised, or 41 per cent oncost of plant. 

* * 9 *1 A*. M 0 

< 11 . r .. Balance S.heet No. 2 


< Income r * 

Coke, II cwt. *@ ls.*6d. (i.e. ( £ d. 

30«. per ton f . * . 1 l r 0 

Oil, 15 f $dl* @<5d. . c . 'o 3 

5as, 30 the$q£ @ 4d. . 10 0 


Expenditure 

t Coal, 1 'von ' 

Cost of carbonising (labour, 
maintenance and fuel for 
c bating) , . . 

Intcre^j and depreciation, 
say 20 pgr cent 

il . 


1 }7 • 3 
<]bajance»: 9cb adverse. 1 '’ 


' £ ».• d. • 
* 

1,10 0 

4 0 

4 0 

I 

J 

1 18 0 
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Coke, 14 c\£t. (i.e. 28s. 7d. £ a. d.« 

per ton) . ' 

Oil, 15 gall.'® 5d. V 
Gas, 30 therms @ 4d. 


Glance £heet No. 3 

• • jZxpcnditurf *£ 8i a. 

C&d, 1 ton* . ..100 

•• 

Cost of mrbonising (labour,* * 
maintenance and Jnel for * 
heating) 


1 0 0 
3 3 
10 0 


1 16 3 


4) • 

Jit tcrest and deprecialSon, 
say 20 per cent 


1 (5 
4 0 


1 8 0 


Bal&nc^ : 8^. 3d. per ton <j£ coal carbonised, or 41 per cent on cost of plant, which 
of course is identical with that of Balance Sheet No. 1. 


Balance Sheet No. 4 

• Income 

Coke, 14 cwt. @ Is. (ifc. £ s. d. 

20s. per ton) . . 14 0 

Oil, 15 gall. @ 5d. . 6.3 

^jlas, 30 therms @ 4d. . 10 0 


Expenditure 

Coal, 1 ton 

Cost of carbonising (labour, 
maintenance and fuel for 
heating) 

Intdre^fc ^nft depreciation, 

• say 20 per cent ~ . • 


• 1 10, 3 

• • 

Balance : 2s. 3u*ngrjt<Ji, or H P er cen ^ on wst of plant. 


£ s. d. 

1 0 0 


4 0 
4 0 
1 8 0 


ESTIMAT’lJW XiAL^NCE SHEET FOR UO*E IJVEN j.’LAN'f 

Although not strictly comparable, it will l>e of interest to comjfar^ the above 
"“figures with the estimates whicli have been furbished to^.lie Authors for a cok$ 
oven plant now bcin^ trusted in t-Mfc IJorth of England, and capable Ig^carbonisi Jg 
65,000 ^ons of coal per an numlN # f * # t * 

In this .ease, the raw n*vtoml is supplied inutile form of uAwashed slack* at a 
price of ,13s. 6d.*per t(ju. The cajfetal cost of the instai^ion would-be abo f u^ £100,000, 
infllucling plant, buildings, fofirldations and Sidmgs. *Thls*is ecjui^lent to* 30s. 
for ea^ijpifrcarboniscd pei*a?mum. < 
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f - $ 1 < ‘ '* 

f % 

Balance Sheet for Coke Oven Plant ■ 


' I ncome f 



Expev h dii ire 


Coke, 13*2 ,cwt. @ 25s. per £ 

a. 

d. 

JJnwashed slack, l f ton 

£ t, d. 

ton* r . 

16 

‘ 5 

13s. 6d. . . ' . 

13 6 

Tar, 8 gall. @ 5d. f / V * 

3 

4 

Cost of carbonising, ovenp to 


Sulphate of ammonia, 33 lb. 



benzol stills, including ma- 


@ Hd. . . . . 

4 

i; 

terials, stores, acid labour, 


Crude benzol, 3 gall. @ 9d. 

2 


e+c., 5s. per ton 

* 5“0 

Surplus gas, 5,000 cu. ft. @ 



5 per cent on cost of plaint . 

1 6 

6d. per 1,000 cu. ft. 

2 

6 

10 per cent amortisation 

’0 


18 7 1 l 3 0 

^Balance : 5s. 7d. per ton, or l&G per cent on cost o 1 plant, etc. 


Estimated Balance Sheet for Maclaurin Producer 

A plant of the Maclaurin type is exceedingly interesting, and presents great 
possibilities owing to its low capital cost. Its success, however, depends very largely 
upon the securing of a profitable outlet for the large quantities of gas of about 
230 B.Th.U. per cubic foot. It is obvious that it is only useful as a fuel gas ioft 
industrial purposes. Mr. Maclaurin, in his own estimates, has taken the value^f 
the gas as vary'^g from 1'8 to 2-3d. per therm, the former figure representing its 
value when used for steair -raising in comparison, with coil at 20s. per ton. He 
also estimates the capital cost of a battery of 10 unite, capable- of c throughput of 
200 tons < of cC£l 1 per day, as £12,000 for producers alone at present-day prices. 
With all accessories, such as elevators, conveyor*-, hotors, turbines, fans, pumps ^ 
storage bunkers and ianKs, buildings and pipir g, the plant would, in his opinion, 
cost about £3@,000. Tne, capital cost therefore wor^s out at about 10s. “for e*5cb 
ton of 1 5al treated per annum! , j • . 

The following balance sheet ha§ therefore been worked out from the figures 
suppli&Pby the Maclaurin Company. The coke is assumed to Command the same** 
plice per tQ^ hs that given in Balance Sheet No. 3, the plai.o being situated in a 
district where suitable coal u ’delivered in bulkaat. 30s. per ton. On this basis, a 
price* of 42s. lOd. pwr ton wovfid b^ obtained for the smokeless fuel. 



* * \mme 
Coke, 11 cwt. @ ^2s. lOcl. £ s. d. 
ptf ton . ’ 

Oil, 15 gall. @5d. y 
Sulphate of'fc'himonia, 17 1 b. 

@jd.» .... 

G^, (^therms @ t*8d. 
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Balance Sheet for Maclaurin PltOD&cER Mak&q Smokeless Fuel 

I * * < 


1 3 7* 

G 3 

0 

•1 1 

10 2 

• 


Expenditure 


€6al, 1 ton • . 

4 Jn\erest, repairs and depre- 
ciation* 25 jjer cent . • 
General charges, stores, rates, 
etc. . . . * . 

*S6eam . . . * , 

Labour and supervision 


2 1 1 

Balance : 4s. Id. per ton, or 41 per cent on cost of plant. 


# £ e. d. 

*1 10 0 . 

# 2 6 

2 (f 

6 

2 0 


1 17 0 


CONCLUSIONS 

if tL various .*ass\ynptions regaling capital cost and the prices obtainable 
for by-products are substantially correct, and if the technical difficulties of the 
process can be successfully overcome, it will be seen that the commercial 
success of a plant will be mainly dependent on the ratio which the price 
commanded by the coke bears to the cost of the raw coal. If it can be sold at 
a price only equivalent, weight for weight, with that of the raw coal, the prospect 
?f establishing an industry commensurate with our national requirements is by 
nr# means promising. On the other hand, if the'ra^ ipateriM can be obtained at a* 
price su?h that th*e cc^e made will ifpproauh in value the whgjj cost o£ the coal 
4 sed, there woult^ appear to be a 1 sufficient* margin for^ommejcial success. This, 
however, can oflly tfe definitely settled when an industrial plant has been running 
continuously for a considerabjeperiod, the products bein^ % mar£ete(i*at a lair price 
$nd yielding a reasonable profirt^lfc shareholders. % \ * 9 

> *The considerations tilread^ referred to form, &e only s^fe basis on whkh the 
•* business \ian can estimate the probabilities of ultimate success hc|d out by anj 
suggested scheme. In consideration of 4he problem thorn th% National stattlpoint, 
however, it is important not to lose sight of the considerable benefit <yid indirect 
^“savings which would follow the use of smokeless thicl on a$i adequate scale. In ^ 
previous chapter, the^4ircct loss atcrying both Jo |hc individual a\^the natidh 
was discussed. The taking of^stjclf savings in^) coifticlerayon dan only be effected 
by JParliamentary action*in«the direction of som% kiqd of subsidy or preference to 
smokeless fuel. How^uch a subsidy could be granted»is»a ques^joiurf mujlylifficulty. 

» Enthusiasts have suggested sdet drastic enactments ?is*th5 total jJohibifhm # of 
raw coWHuwing. When life innate cc«ervatism *)f%he British public is taken into* 
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consicieration, howeyer v it will be admitKd that such action could only follow the 
t education of the public inMthe manifest adyantages^oSered. Excel’ ant ^ork in this 
direct ioi? is^oing forward, ’and the value of the labours of the jnjfyay organisations 
r which are interesting themselves in the matter cannot be oter-estimatcd Should 
, their labours result in the willingness of the public to show their appreciation o'! the 
advantages of smokel^sp fuel to the extent of paying a pri^ for the coke which 
would render the process economically sound, Parliamentary action would be 
unnecessary. f In either case, the alleviation of the smoke nuisance, and the pro- 
vision of lionie supplies of oil, whether by the method' discussed in this volume, or 
by any other sound method, can only be achieved by the enlightenment of the 
consumer in the direction of his best interests. « c 
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